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PREFACE. 


The study of Palaeontolog'y, or the science which is 
concerned with the li’ing beings which flourished upon 
the globe during past periods of its history, may be 
pursued by two parallel but essentially distinct paths. 
By the one method of inquiry, we may study the 
anatomical characters and structure of the innumerable 
extinct forms of life which lie buried in the rocks 
simply as so many organisms, with but a slight and 
secondary reference to the time at which they lived. 
By the other method, fossil animals are regarded prin- 
cipally as so many landmarks in the ancient records of 
the world, and are studied historically and as regards 
their relations to the chronological succession of the 
strata in which they are entombed. In so doing, it is 
of course impossible to wholly ignore their structural 
characters, and their relationships with animals now 
living upon the earth ; but these points are held to 
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Jsontology regarded in its strictly scientific aspect, 
a mere department of the great science of Biolo<»y 
le present work, on the other hand, is an attenrpt'to 
at Palffiontology more especially from its historical 
e, and in its more intimate relations with Geolo<ry 
accordance with this object, the introductory portfoii 
the work is devoted to a consideration of the general 
nciples of Paimontology, and the bearings of this 
:nce upon various geological problems— such as the 
de of formation of the sedimentary rocks, the reac- 
ts of living beings upon the crust of the earth, and 
sequence in time of the fossiliferous formations 
1 second portion of the work deals exclusively with 
toncal Palaeontology, each formation being consid- 
separately, as regards its lithological nature and 
hvisions. Its relations to other formations, its geo- 

distubution, its mode of origin, and its char- 
nstic life-forms. 

L the consideration of the characteristic fossils of 
. successive period, a general account is given of 
• more important zoological characters and their 
ions to living forms ; but the technical language of 
ogy has been avoided, and the aid of illustrations 
been freely called into use. It may therefore be 
:d that the work may be found to be available for 
purposes of both the Geological and the Zoolomcal 
mt ; since it is essentially an outline of Historical 
:ontology, and the student of either of the above- 
ion ed sciences must perforce possess some know. 
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to acquire some knowledge of a subject of such vast 
and universal interest 

In carrying out the object which he has held before 
him, the Author can hardly expect, from the nature of 
the materials with which he has had to deal, that he has 
kept himself absolutely clear of errors, both of omission 
and commission. The subject, however, is one to which 
he has devoted the labour of many years, both in 
studying the researches of othisrs and in personal 
investigations of his own ; and he can only trust that 
such errors as may exist will be found to belong chiefly 
to the former class, and to be neither serious nor 
numerous. It need only be added that the work is 
necessarily very limited in its scope, and that the 
necessity of not assuming a thorough previous acquaint- 
ance with Natural History in the reader has inexorably 
restricted its range still further. The Author does not, 
therefore, profess to have given more than a merely 
general outline of the subject ; and those who desire 
to obtain a more minute and detailed knowledge pf 
Palaeontology, must haye fepoprse to ptjier and fnote 
elaborate treatises, 

United College, St Andrews. 

October 2, 1876. 
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PREFACE. 


The study of Palaeontology, or the science which is 
concerned with the living beings which flourished upon 
the globe during past periods of its history, may be 
pursued by two parallel but essentially distinct paths. 
By the one method of inquiry, we may study the 
anatomical characters and structure of the innumerable 
extinct forms of life which lie buried in the rocks 
simply as so many organisms, with but a slight and 
secondary reference to the time at which they lived. 
By the other method, fossil animals are regarded prin- 
cipally as so many landmarks in the ancient records of 
the world, and are studied historically and as regards 
their relations to the chronological succession of the 
strata in which they are entombed. In so doing, it is 
of course impossible to wholly ignore their structural 
characters, and their relationships with animals now 
living upon the earth ; but these points are held to 
occupy a subordinate place, and to require nothing 
more than a comparatively general attention. 

In a former work, the Author has endeavoured to 
furnish a summary of the more important facts of 
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PaUiiontology regarded in its strictly scientific aspect, 
as a mere department of the great science of Biology. 
The present work, on the other hand, is an attempt to 
treat Palaeontology more especially from its historical 
side, and in its more intimate relations with Geology. 
In accordance with this object, the introductory portion 
of the work is devoted to a consideration of the general 
principles of Palaeontology, and the bearings of this 
science upon various geological problems — such as the 
mode of formation of the sedimentary rocks, the reac- 
tions of living beings upon the crust of the earth, and 
the sequence in time of the fossiliferous formations. 
The second portion of the work deals exclusively with 
Historical Palaeontology, each formation being consid- 
ered separately, as regards its lithological nature and 
subdivisions, its relations to other formations, its geo- 
graphical distribution, its mode of origin, and its char- 
acteristic life-forms. 

In the consideration of the characteristic fossils of 
each successive period, a general account is given of 
their more important zoological characters and their 
relations to living forms ; but the technical language of 
Zoology has been avoided, and the aid of illustrations 
has been freely called into use. It may therefore be 
hoped that the work may be found to be available for 
the purposes of both the Geological and the Zoological 
student ; since it is essentially an outline of Historical 
Paleontology, and the student of either of the above- 
mentioned sciences must perforce possess some know- 
ledge of the last. Whilst primarily intended for stu- 
dents, it may be added that the method of treatment 
adopted has been so far untechnical as not to render 
the work usde.ss to the general reader who may desire 
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to acquire some knowledge of a subject of such vast 
and universal interest. 

In carrying out the object which he has held befoie 
him, the Author can hardly expect, from the nature of 
the materials with which he has had to deal, that he has 
kept himself absolutely clear of errors, both of omission 
and commission. The subject, however, is one to which 
he has devoted the labour of many years, both m 
studying the researches of others and in personal 
investigations of his own ; and he can only tiust that 
such errors as may exist will be found to belong chiefly 
to the former class, and to be neither serious nor 
numerous. It need only be added that the work is 
necessarily very limited in its scope, and that the 
necessity of not assuming a thorough previous acquaint- 
ance with Natural History in the reader has inexorably 
restricted its range still further. The Author does not, 
therefore, profess to have given, more than a merely 
general outline of the subject ; and those who desire 
to obtain a more minute and detailed knowledge pf 
Palaeontology, must haye fepoprse to pther and piore 
elaborate treatises. 
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PART I. 


PRINCIPLES OF PALEONTOLOGY. 



THE 


ANCIENT LIFE- HISTORY 

OF 

THE EARTH. 


INTRODUCTION. 

The Laws of Geological Action. 

Under the general title of Geology” are usually included at 
least two distinct branches of inquiry, allied to one another in 
the closest manneiyand yet so distinct as to be largely capable 
of separate study. ^ Geology,* in its strict sense, is the science 
which is concerned with the investigation of the materials which 
compose the earth, the methods in which those materials have 
been arranged, and the causes and modes of oiigin of these 
arrangements. In this limited aspect. Geology is nothing moie 
than the Physical Geography of the past, just as Physical Geo- 
graphy is the Geology of to-day j and though it hss to call in 
the aid of Physics, Astronomy, Mineralogy, Chemistry, and 
other allies more remote, it is in itself a perfectly distinct and 
individual study. One has, however, only to cross the thresh- 
old of Geology to discover that the field and scope of the 
science cannot be thus rigidly limited to purely physical pro- 
blems. The study of the physical development of the earth 
throughout past ages brings us at once in contact with the 
forms of animal and vegetable life which peopled its surface in 
bygone epochs, and it is found impossible adequately to com- 
* Gr. ffe, the earth ; los'os, a discourse. 
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prehend the former, unless we possess some knowledge of the 
latter. However great its physical advances may, be, Geology 
remains imperfect till it is wedded with Palseontology,* a_ study 
which essentially belongs to the vast complex of the Biologi- 
cal Sciences, but at the same time has its strictly geological 
side. Dealing, as it does, wholly with the consideration of 
such living beings as do not belong exclusively to the present 
order of things, Palseontology is, in reality, a branch of Natu- 
ral History, and may be regarded as substantially the Zoology 
and Botany of the past. It is the ancient life-history of the 
earth, as revealed to us by the labours of palasontologists, 
with which we have mainly to do here ; but before entering 
upon this, there are some general questions, affecting Geology 
and Palseontology alike, which may be very briefly discussed. 

The working geologist, dealing in the main with purely phy- 
sical problems, has for his object to determine the material 
structure of the earth, and to investigate, as far as may be, the 
long chain of causes of which that structure is the ultimate re- 
sult. No wider or more extended field of inquiry could be 
found ; but philosophical geology is not content with this. At 
all the confines of his science, the transcendental geologist 
finds himself confronted with some of the most stupendous 
problems which have ever engaged the restless intellect of 
humanity. The origin and primteval constitution of the terres- 
trial globe, the laws of geologic action through long ages of 
vicissitude and development, the origin of life, the nature and 
source of the myriad complexities of living beings, the advent 
of man, possibly even the future history of the earth, are 
amongst the questions with Avhich the geologist has to grapple 
in his higher capacity. 

These are problems which have occupied the attention of 
philosophers in every age of the world, and in periods long 
antecedent to the existence of a science of geology. The mere 
existence of cosmogonies in the religion of almost every nation, 
both ancient and modern, is a sufficient proof of the eager de- 
sire of the human mind to know something of the origin of the 
earth on which we tread. Every human being who has gazed 
on the vast panorama of the universe, though it may have been 
but with the eyes of a child, has felt the longing to solve, how- 
ever imperfectly, “ the riddle of the painful earth,” and has, 
consciously or unconsciously, elaborated some sort of a theory 
as to the why and wherefore of what he sees. Apart fi'om the 
profound and perhaps inscrutable problems which lie at the 
bottom of human existence, men have in all ages invented 
■* Gr. palaios, ancient ; onta, "beings ; logos, discourse. 
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theories to explain the common phenomena of the material 
universe ; and most of these theories, however varied in their ■ 
details, turn out on examination to have a common root, and 
to be based on the same elements. Modern geology has its 
own theories on the same subject, and it will be well to glance 
for a moment at the principles underlying the old and the new 
views. 

It has been maintained, as a metaphysical hypothesis, that 
there exists in the mind of man an inherent principle, in virtue 
of which he believes and expects that what has been, will be ; 
and that the course of nature will be a continuous and unin- 
terrupted one. So far, however, from any such belief existing 
■as a necessary consequence of the constitution of the human 
mind, the real fact seems to be that the contrary belief has 
been almost universally prevalent. In all old religions, and 
in the pliilosophical systems of almost all ancient nations, the 
order of the universe has been regarded as distinctly unstable, 
mutable, and temporary. A beginning and an end have always 
been assumed, and the course of terrestrial events between 
these two indefinite points has been regarded as liable to con- 
stant interruption by revolutions and catastrophes of different 
kinds, in many cases emanating from supernatural sources. 
Few of the more ancient theological creeds, and still fewer of 
the ancient philosophies, attained body and shape without 
containing, in some form or another, the belief in the existence 
of periodical convulsions, and of alternating cycles of destruc- 
tion and repair. 

That geology, in its early infancy, should have become im- 
bued with the spirit of this belief, is no more than might have 
been expected ; and hence arose the at one time powerful and 
generally-accepted doctrine of “ Catastrophism.” That the 
succession of phenomena upon the globe, whereby the earth’s 
crust had assumed the configuration and composition which 
we find it to possess, had been a discontinuous and broken 
succession, was the almost inevitable conclusion of the older 
geologists. Everywhere in their study of the rocks they met 
with apparently impassable gaps, and breaches of continuity 
that could not be bridged over. Everywhere they found them- 
selves conducted abruptly from one system of deposits to 
others totally different in mineral character or in stratigraphical 
position. Everywhere they discovered that well-marked and 
easily recognisable groups of animals and plants Avere succeeded, 
without the intermediation of any obvious lapse of time, by 
other assemblages of organic beings of a different character. 
Everywhere they found evidence that the earth’s crust had 
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undergone changes of such magnitude as to render it seemingly 
irrational to suppose that they could have been produced by 
any process now in existence. If we add to the above the 
prevalent belief of the time as to the comparative brevity of 
the period which had elapsed since the birth of the globe, we 
can readily understand the general acceptance of some form of 
catastrophism amongst the earlier geologists. 

As regards its general sense and substance, the doctrine of 
catastiophism held that the history of the earth, since first it 
emerged from the primitive chaos, had been one of periods of 
repose, alternating with catastrophes and cataclysms of a more 
01 less violent character. Ihe periods of tranquillity were sup- 
posed to have been long and protracted; and during each of 
them ^ it was thought that one of the great geological “forma- 
tions was deposited. In each of these periods, therefore, the 
condition of the earth was supposed to be much the same as it 
is now — sediment was quietly accumulated at the bottom of the 
sea, and anima.ls and plants flourished uninterruptedly in suc- 
cespve geneiations. Each period of tranquillity, however, was 
beheved to have been, sooner or later, put an end to by a 
sudden and awful convulsion of nature, ushering in a brief and 
paioxysmal period, in which the great physical forces were 
uti chained and permitted to spring into a portentous activity. 
The forces of subterranean fire, with their concomitant pheno- 
mena of earthquake and volcano, were chiefly relied upon as 
flie efficient causes of these periods of spasm and revolution. 
Enoimous elevations of portions of the earth’s crust were thus 
believed to be produced, accompanied by corresponding and 
equally gigantic depressions of other portions. In this way 
new ranges of mountains were produced, and previously exist- 
ing ranges levelled with the ground, seas were converted into 
dryland, and continents buried beneath the ocean — catastrophe 
following catastrophe, till the earth was rendered uninhabitable, 
and its races of animals and plants were extinguished, never to 
reappear in_ the same form._ Finally, it was believed that this 
feveiish activity ultimately died out, and that the ancient peace 
once more came to reign upon the earth. As the abnormal 
throes and convulsions began to be relieved, the dry land and 
sea once more resumed their relations of stability, the condi- 
tions of life were once more established, and new races of ani- 
mals and plants sprang into existence, to last until the super- 
vention of another fever-fit. 

Such is the past history of the globe, as sketched for us, in 
alternating scenes of fruitful peace and revolutionary destruc- 
tion, by the earlier geologists. As before said, we cannot 



THE LAWS OF GEOLOGICAL ACTION. 


5 


wonder at the former general acceptance of Catastrophistic 
doctrines. Even in the light of our present widely-increased 
knowledge, the series of geological monuments remains a broken 
and imperfect one ; nor can we ever hope to fill up completely 
the numerous gaps with which the geological record is defaced. 
Catastrophism was the natural method of accounting for these 
gaps, and, as we shall see, it possesses a basis of truth. At 
present, however, catastrophism may be said to he nearly ex- 
tinct, and its place is taken by the modern doctrine of Con- 
tinuity ” or “ Uniformity” — a doctrine with which the name of 
Lyell must ever remain imperishably associated. 

The fundamental thesis of the doctrine of Uniformity is, 
that, in spite of all apparent violations of continuit)^, the se- 
quence of geological phenomena has in reality been a regular 
and uninterrupted one ; and that the vast changes which can 
be shown to have passed over the earth in former periods have 
been the result of the slow and ceaseless working of the ordi- 
nary physical forces — acting with no greater intensity than they 
do now, but acting through enormously prolonged periods. 
The essential element in the theory of Continuity is to be found 
in the allotment of indefinite time for the accomplishment of 
the known series of geological changes. It is obviously the 
case, namely, that there are two possible explanations of all 
phenomena which lie so far concealed in “ the dark backward 
and abysm of time,” that we can have no direct knowledge of 
the manner in which they were produced. We may, on the 
one hand, suppose them to be the result of some very powerful 
cause, acting through a short period of time. That is Catas- 
trophism. Or, we may suppose them to be caused by a much 
weaker force operating through a proportionately prolonged 
period. This is the view of the Uniformitarians. It is a ques- 
tion of energy versus time ; and it is time which is the true ele- 
ment of the case. An earthquake may remove a mountain in 
the course of a few seconds ; but the dropping of the gentle 
rain will do the same, if we extend its operations over a millen- 
nium. And this is true of all agencies which are now at work, 
or ever have been at work, upon our planet. The Catastro- 
phists, believing that the globe is but, as it were, the birth of 
yesterday, were driven of necessity to the conclusion that its 
history had been checkered by the intermittent action of par- 
oxysmal and almost inconceivably potent forces. 7'he Unifor- 
mitarians, on the other hand, maintaining the “ adequacy of 
existing causes,” and denying that the known physical forces 
over acted in past time with greater intensity than they do at 
p\resent, are, equally of necessity, driven to the conclusion that 
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the world is truly in its “hoary eld,” and that its present state 
is really the result of the tranquil and regulated action of 
known forces through unnumbered and innumerable centuries. 

The most important point for us, in the present connection, 
is the bearing of these opposing doctrines upon the question 
as to the origin of tlie existing terrestrial order. On any doc- 
trine of uniformity that order has been evolved slowly, and, 
according to law, from a pre-existing order. Any doctrine of 
catastrophism, on the other hand, carries with it, by implica- 
tion, the belief that the present order of things was brought 
about suddenly and irrespective of any pre-existent order and 
it is important to hold clear ideas as to which of these beliefs 
is the true one. In the first place, we may postulate that the 
world had a beginning, and, equally, that the existing terrestrial 
order had a beginning. However far back we may go, geology 
does not, and cannot, reach the actual beginning of the world ; 
and we are, therefore, left simply to our own speculations on 
this point. With regard, however, to the existing terrestrial 
order, a great deal can be discovered, and to do so is one of 
the principal tasks of geological science. The first steps in the 
production of that order lie buried in the profound and un- 
searchable depths of a past so prolonged as to present itself to 
our finite minds as almost an eternity. The last steps are in 
the prophetic future, and can be but dimly guessed at. Be- 
tween the remote past and the distant future, we have, however, 
a long period which is fairly open to inspection ; and in saying 
a “long” period, it is to be borne in mind that this term is 
used in its geological sense. Within this period, enormously 
long as it is when measured by human standards, we can trace 
with reasonable certainty the progressive march of events, and 
can determine the laws of geological action, by which the pre- 
sent order of things has been brought about. 

The natural belief on this subject doubtless is, that the 
world, such as we now see it, possessed its present form and 
configuration from the beginning. Nothing can be more 
natural than the belief that the present continents and oceans 
have always been where they are now j that we have always 
had the same mountains and plains; that our rivers have 
always had their present courses, and our lakes their present 
positions ; that our climate has always been the same ; and 
that our animals and plants have always been identical with 
those now familiar to us. Nothing could be more natural 
than such a belief, and nothing could be further removed from 
the actual truth. On the contrary, a i,-ery slight acquaintance 
with geology shows us, in the words of Sir John Herschel, that 



the laws of geological action. 


7 


actual configuration of our continents and islands the 
-lines of our maps, the direction and elevation of our 
itain-chains, the courses of our rivers, and the soundings 
r oceans, are not things priinordially arranged in the con- 
tion of our globe, but results of successive and complex 
ns on a former state of things ; that, again, of similai 
ns on another still more remote^ and so on, till the oii- 
and really permanent- state is_ pushed altogether out of 
and beyond the reach even of imagination ; while on the 
: hand, a similar, and, as far as we can see, mtermmab e 
is opened out for the future, by which the habitability o 
planet is secured amid the total abolition on it of the 
mt theatres of terrestrial life.” 

sology, then, teaches us that the physical features which 
"distinguish the eartlfs surface have been produced as the 
rate result of an almost endless succession of precedent 
laes. palaeontology teaches us, though not yet in suci 
red accents, the same lesson. Our present animals and 
ts have not been produced, in their innumerable foims, 

L as we now know it, as the sudden, collective, and simu - 
ous birth of a renovated world. On the contrary, we lave 
clearest evidence that some of our existing animals and 
ts made their appearance upon the earth at a much eai ler 
od than others. In the confederation of animated nature 
e races can boast of an immemorial antiquity, whilst otheis 
comparative pai'venus. We have also the clemest evidence 
; the^ animals and plants which now inhabit the globe have 
11 preceded, over and over again, by other different assem- 
res^of animals and plants, which have flounshed in siicces- 
^^eriods of the eardi’s history, have reached t mn- culmina- 
1 \ind then have given way to a fresh series of living beiOpS. 
’have finally, the clearest evidence that these successive 
ups of animal^ and plants (faume and flone) are to a greater 
iL extent directly connected with one another. Each 
up is to a greater or less extent, the lineal descendant of 
group which immediately preceded it in point of time, and 
nore or less fully concerned with giving origin to the group 
rdi iiLrediately follows it. . That this law of ‘ evoluUon 
1 prevailed to a great extent is quite f 

■et all the exigencies of the case, and it is p obable that its 
don has been supplemented by some still unknown law of a 

Ferent character, r 

We shall have to consider the question ^ th.^t 

uitv ” again In the meanwhile, it is sufficient to state th._ 
is doctrine is now almost universally accepted as the basis 
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of all inquiries, both in the domain of geoloffv and that of 
palasonto ogy. The advocates of continuity pSsess one im- 
mense advantage over diose who believe in violent and revo- 
lutionary convulsions, that they call into play only agencies 
of which we have actual knowledge. 'Wt kLv that certain 

Sle? f''® r!- certain modifications in the 

piesent condition of the globe; and we that these forces 
are capable of producing the _ vastest of the changes which 
geo ogy brings under our consideration, provided we assian a 

hand, the advocates of catastrophism, to make good their 
lews aie compelled to invoke forces and actions, both de- 
sti active and restorative, of which we have, and can have no 

quahr'the'cem whirlwind and the earth- 

armtl [v powers 

fra«Lf . up the 

of an fntermitt^'^'' shattered world by the intervention 
ot an intei mittently active creative power. 

View^there fo^?tten, however, that from one point of 

overioo ed hi 11 i oatastrophism which is sometimes 
rlilcf 1 • ^ ‘Advocates of continuity and uniformity 

thel nltrind essential feature, the propositioTtlS 

tlie known and existing forces of the earth at one time acted 
with much greater intensity and violence than they do at pre 
sen and they carry down the period of this excessive Itimi 
to the commencement of the present terrestrial order. The 
Unifoimitarians. m effect, deny this proposition, at any rate as 
regards any period of the earth's history of Xh fve have 

thfoiivinXrr' “nebular hypothesis” of 

the oiigin of the universe be well founded— as is aenerallv ad 

S Xh"hart"‘' “ “ g-duaUy cooUifg 

at piesent. There has been a time, therefore, in which the 

'earZatTand vd ‘he’ phenomena of 

act vTdt illvP 1 intensely 

cool inr hypothesis, the sun is a 

oohn^ body, and must at one time have possessed a mnrh 
higher temperapre than it has at present. But inXrf heal 
of the sun would seriously alter the existing conditions affect- 
evaporation and precipitation of moisture on our earth • 
and hence the aqueous forces may also have acted at one 
rnoie powerfully than they do now. The fundamental nrln 
ciple of catastrophism is, therefore, not wfiiolly vicious -^and 
we have reason to think that there must have been pedodsl- 
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very remote, it is true, and perhaps unrecorded in the history 
of the earth— in which the known physical forces may have 
acted with an intensity much greater than direct observation 
would lead us to imagine. And this may be believed, alto- 
gether irrespective of those great secular changes by which hot 
or cold epochs are produced, and which can hardly be called 
“ catastrophistic,” as they are produced gradually, and are 
liable to recur at definite intervals. 

Admitting, then, that there is a truth at the bottom of the 
once current doctrines of catastrophism, still it remains certain 
that the history of the earth has been one of law in all past 
time, as it is now. Nor need we shrink back affrighted at the 
vastness of the conception — the vaster for its very vagueness 
— that we are thus compelled to form as to the duration of 
geological time. As we grope our way backward through the 
dark labyrinth of the ages, epoch succeeds to epoch, and 
period to period, each looming more gigantic in its outlines 
and more shadowy in its features, as it rises, dimly revealed, 
from the mist and vapour of an older and ever-older past. It 
is useless to add century to century or millennium to millen- 
nium. When we pass a certain boundary-line, which, after all, 
is reached very soon, figures cease to convey to our finite 
fiiculties any real notion of the periods with which we have 
to deal. The astronomer can employ material illustrations 
to give form and substance to our conceptions of celestial 
space; but such a resource is unavailable to the geologist. 
The few thousand years of which we have historical evidence 
sink into absolute insignificance beside the unnumbered seons 
which unroll themselves one by one as we penetrate the dim 
recesses of the past, and decipher with feeble vision the pon- 
derous volumes in which the record of the earth is written. 
Vainly does the strained intellect seek to overtake an ever- 
receding commencement, and toil to gain some adequate grasp 
of an apparently endless succession. A beginning there must 
have been, though we can never hope to fix its point. Even 
speculation droops her wings in the attenuated^ atmosphere of 
a past so remote, and the light of imagination is quenched in 
the darkness of a history so ancient. In tbne, as in space., the 
confines of the universe must ever remain concealpd from us ) 
and of the end we know no more than of the beginning. ^ In- 
conceivable as is to us the lapse of “geological time,” h is no 
more than “a mere moment of the past, a mere infinitesimal 
portion of eternity.” Well may “ the human heart, that weeps 
and trembles,” say, with Richter’s pilgrim through celestial 
space, “ I will go no farther ; for the spirit of man acheth with 
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this infinity. Insufferable is the glory of God. Let me lie 
down in the grave, and hide me from the persecution of the 
Infinite, for end, I see, there is none.” 


CHAPTER t. 

THE SCOPE AND MATERIALS OF PALEONTOLOGY. 

The study of the rock-masses which constitute the crust of the 
earth, if carried out in the methodical and scientific manner of 
the geologist, at once brings us, as has been before remarked, 
in contact with the remains or traces of living beings which 
formerly dwelt upon the globe. Such remains are found, in 
greater or less abundance, in the great majority of rocks ; and 
they are not only of great interest in themselves, but they have 
proved of the greatest importance as throwing light upon vari- 
ous difficult problems in geology, in natural history, in botany, 
and in philosophy. Their study constitutes the science of 
paljeontology \ and though it is possible to proceed to a cer- 
tain length in geology and zoology without much palaeontolo- 
gical knowledge, it is hardly possible to attain to a satisfac- 
tory general acquaintance with either of these subjects with- 
out having mastered the leading facts of the first. Similarly, 
it is not possible to study palaeontology without some ac- 
quaintance with both geology and natural history. 

Paleontology, then, is the science which treats of the 
living beings, whether animal or vegetable, which have in- 
habited the earth during past periods of its history. Its object 
is to eludicate, as far as may be, the structure, mode of exist- 
ence, and habits of all such ancient forms of life; to determine 
their position in the scale of organised beings ; to lay down 
the geographical limits within which they flourished ; and to 
fix the period of their advent and disappearance. It is the 
ancient life-history of the earth ; and were its record complete, 
it would furnish us with a detailed knowledge of the form and 
relations of all the animals and plants which have at any period 
flourished upon the land-surfaces of the globe or inhabited its 
waters; it would enable us to determine precisely their succes- 
sion in time ; and it would place in our hands an unfailing key 
to the problems of evolution. Unfortunately, from causes 
which will be subsequently discussed, the palaeontological 
record is extremely imperfect, and our knowledge is inter- 
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rupted by gaps, which not only bear a large proportion to our 
solid information, but which in many cases are of such a nature 
that we can never hope to fill them up. 

Fossils —The remains of animals or vegetables whicli we 
now find entombed in the solid rock, and which constitute the 
working material of the paleontologist, are termed ossi s, 
or “petrifactions.” In most cases, as can be readily under- 
stood, fossils are the actual hard parts of animals and plants 
which were in existence when the rock in which they are now 
found was being deposited. Most fossils, therefore, are of tie 
nature of the shells of shell-fish, the .skeletons of coral-zoophytes, 
the bones of vertebrate animals, or the wood, bark, oi leaves 
of plants. All such bodies are more or less of a hard consist- 
ence to begin with, and are capable of resisting decay for a 
longer or shorter time— hence the frequency with which they 
occur in the fossil condition. Strictly speaking, however, by 
the term “fossil” must be understood “any body, or the traces 
of the existence of any body, whether animal or vegetable, wine i 
has. been buried in the earth by natural camses (Lyell). 
We shall find, in fact, that many of the objects which we have 
to study as “fossils” have never themselves actually fox med 
parts of any animal or vegetable, though they are due to the 
former existence of such organisms, and indicate what was the 
nature of these. Thus the footprints left by birds, or reptiles 
or quadrupeds upon sand or mud, are just as n^rich pi oofs o 
the former existence of these animals as would be bones, 
feathers, or scales, though in themselves they ai-e inorganic. 
Under the head of fossils, therefore, come the footpiints o' 
air-breathing vertebrate animals; the tracks, trails, and bur- 
rows of sea-worms, crustaceans, or molluscs ; the impressions 
left on the sand by stranded jelly-fishes; the burrows in stone 
or wood of certain .shell-fish; the “moulds or casts of 
shells, corals, and other organic remains; and various other 
bodies of a more or less similar nature. 

Fossilisation.— The term “fossihsation’ is applied to all 
those processes through which the remains of organised beings 
may pa.ss in being converted into fossils. T.hese_ processes are 
numerous and varied ; but there are three principal of 

fossilisation which alone need be considered here. In the Inst 
instance, the fossil is to all intents and purposes an actual 
portion of the original organised being— such as a bone, a she , 
or a piece of wood. In some rare instances as in the case of 
■ the body of the Mammoth discovered embedded in ice at the 
mouth of the Lena in Siberia, the fossil may be preserved 
* Lat./wJ«J, dugup. 


PRINCIPLES OF PALEONTOLOGY. 

organ; whils° bocome^fiS Tnd'^S T’ 

rTprSentsfanIte cSs'Kf 

5SS^“ -f — ‘“E 

pletely retained in ,n a oom- 

ancient formations. ® 

tl J‘s toe of ‘ "casto'or lY?? frfqf-ently meet with fossils in 
What oectus in t s ca e rfl't/ l^ody. 

gine any common bivnl^rl ^i? ^^nderstood if we ima- 

CocIde/emtedSin d^or^uYlf^i “f'"’ “ ” 

soft and fluid, the first thfng w™M b^thattZArl 

to the interior of cnmi i ^ gam access 

space between completely fill up the 

ing matter would insure that °^the surround- 

here closely to the exterior of !bo d everywhere ad- 

the clay to be in any way hardened o^as to^ suppose 

stone, and if we were to^bront nr. .? ! ‘ converted into 

ously have the followino- cIqi- r ^ stone, we should obvi- 
the shell would form ar^ ° paits. The clay which filled 
shell, and Te clav onts^l . the 

or cast of the exlr/or of impression 

exieno, of the shell (fig. i). vVe should have, 

— — then, two casts, an interior and 

an exterior, and the two would 
be very different to one another, 
since the inside of a shell is 
very unlike the outside. In 
the case, in fiict, of many uni- 
valve shells, the interior cast or 
mould” is so unlike the ex- 
7, • . , tenor cast, or unlike the shell 

oftpei^teri^rfndtoSofrXT^ ^t may be difficult tO 

Cretaceous (Neocomian). ' determine the truc origin of the 

Tf ^ 1 • former. 

complicltion.”Ttheiock b?‘ve‘'’"" a further 

rock be veiy porous and permeable by 



THE SCOPE OE PALEONTOLOGY. 


13 


water, it may happen that the original shell is entirely dissolved 
away, leaving the interior cast loose, like the kernel of a nut, 
within the case formed by the exterior cast. Or it may happen 
that subsequent to the attainment of this state of things, the 
space thus left vacant between the interior and exterior cast — 
the space, that is, formerly occupied by the shell itself — may 
be filled up by some foreign mineral deposited there by the 
infiltration of water. In this last case the splitting open of the 
rock would reveal an interior cast, an exterior cast, and finally 
a body which would have the exact form of the original shell, but 
which would be really a much later formation, and which would 
not exhibit under the microscope the minute structure of shell. 

In the third class of cases we have fossils which present 
with the greatest accuracy the external form, and even some- 
times the internal minute structure, of the original organic 
body, but which, nevertheless, are not themselves truly organic, 
but have been formed by a “replacement” of the particles of 
the primitive organism by some mineral substance. The most 
elegant example of this is afforded by fossil wood which has 
been “ silicified ” or converted into flint {sikx). In such cases 
we have fossil wood which presents the rings of growth and 
fibrous structure of recent wood, and which under the micro- 
scope exhibits the minutest vessels which characterise ligneous 
tissue, together with the even more minute markings of the 
vessels (fig. 2). The whole, however, instead of being com- 



Fig. 2. — Microscopic section of the Fig. 3. — Microscopic section of the wood 

silicified wood of .a Conifer {SeQuoia) cut of the common Larcli {Abies larix), cut in 
in the long direction of the fibres. Post- the long direction of the fibres. In both the 
tertiary? Colorado. (Original.) fresh and the fossil wood (fig. 2) are seen 

the discs characteristic of coniferous wood. 
(Original.) 

posed of the original carbonaceous matter of the wood, is now 
converted into flint. The only explanation that can be given 
8 
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CHAPTER 11. 
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rare instances where volcanic ashes have enveloj^ed animals 
or plants which were living in the sea or on the land in tlie 
immediate vicinity of the volcanic focus. The second great 
division of rocks is that of the Fossilifcrous, Acjncons, or Scdi- 
ineniary Rocks, These are formed at the surface of the earth, 
and, as implied by one of their names, are invariably deposited 
in water. They are produced by vital or chemical action, or 
aie formed from the “ sediment” produced by the disintegra- 
tion and reconstruction of previou.sly existing rocks, without 
previous solution \ they mostly contain fossils ; and they are 
arranged in distinct layers or "strata.” The so-called "aerial” 
rocks which, like beds of blown sand, have been formed by 
the action of the atmosphere, may also contain fossils; but 
they are not of such importance as to require special notice 
here. 

Foi all piactical purposes, we may consider that the Aque- 
ous Rocks are the natural cemetery of the animals and plants 
of bygone ages; and it is therefore essential that the paleon- 
tological student should be acquainted with some of the prin- 
cipal facts as to their physical characters, their minute structure 
and mode of origin, their chief varieties, and their historical 
succession. 

The Sedimentary or Fossiliferous Rocks form the greater 
portion of that part of the earth’s crust which is open to our 
examination, and are distinguished by the fact that they are 
regularly "stratified” or arranged in distinct and definite layers 
or " strata.” These layers may con.sist of a single material, 
as in a block of sandstone, or they may consist of different 
materials. When examined on a large scale, they are always 
found to^ consist of alternations of layers of different mineral 
composition. We may examine any given area, and find in it 
nothing but one kind of rock— sandstone, perhaps, or lime- 
stone. In all cases, however, if we extend our examination 
sufficiently far, we .shall ultimately come upon different rocks ; 
and, as a general rule, the thickness of' any particular set of 
beds is comparatively small, so that different kinds of rock 
alternate with one another in comparatively small spaces. 

As regards the origin of the Sedimentary Rocks, they are 
for the most part " derivative” rocks, being derived from the 
wear and tear of pre-existent rocks. Sometimes, however, they 
owe their origin to chemical or vital action, when they would 
■more properly be spoken of simply as Aqueous Rocks. As to 
their mode of deposition, we are enabled to infer that the 
materials which compose them have formerly been spread out 
by the action of water, from what we see going on every day 


1 6 PRINCIPLES OF PALAEONTOLOGY. 

at the mouths of our great rivers, and on a smaller scale wher- 
ever there is running water. Every stream, where it runs into 



a lake or into the sea, carries with it a burden of mud, sand, 
and rounded pebbles, derived from the waste of the rocks 
which foini its bed. and banlcs. When these materials cease 
to be impelled by the force of the moving water, they sink to 
the bottom, the heaviest pebbles, of course, sinking first, the 
smaller pebbles and sand next, and the finest mud last. Ulti- 
mately, therefore, as might have been inferred upon theoretical 
grounds, and as is proved by practical experience, every lake 
becomes a receptacle for a series of stratified rocks produced 
flowing into it. These deposits may vary in 
ifferent parts of the lake, according as one stream brought 
down one kind of material and another stream contributed 
anot lei material j but in all cases the materials will bear ample 
evidence that they were produced, sorted, and deposited by 
running water.^ The finer beds of clay or sand will all be 
arranged in thicker or thinner layers or laminte ; and if there 
me any beds of pebbles these will all be rounded or smooth, 
just like the water-worn pebbles of any brook-course. In all 
probability, also, we should find in some of the beds the re- 
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mains of fresh-water shells or plants or other organisms which 
inhabited the lake at the time these beds were being ' de- 
posited. 

In the same way large fivers — such as the Ganges or 
Mississippi — deposit all the materials which they bring down 
at their mouths, forming in this way their “deltas.” When- 
ever such a delta is cut through, either by man or by some 
channel of the river altering its course, we find that it is com- 
posed of a succession of horizontal layers or strata of sand or 
mud, varying in mineral composition, in structure, or in grain, 
according to the nature of the materials brought down by the 
river at different periods. Such deltas, also, will contain the 
remains of animals which inhabit the river, with fi'agments of 
the plants which grew on its banks, or bones of the animals 
which lived in its basin. 

Nor is this action confined, of course, to large rivers only, 
though naturally most conspicuous in the greatest bodies of 
water. On the contrary, all streams, of whatever size, are 
engaged in the work of wearing down the dry land, and of 
transporting the materials thus derived from higher to lower 
levels, never resting in this work till they reach the sea. 



Fig. 5. — Diagram to illustrate the forin.ation of sedimentary deposit.? at the point 
where a river debouches into the sea. 


Lastly, the sea itself — irrespective of the materials delivered 
into it by rivers — is constantly preparing fresh stratified de- 
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posits by its own action. Upon every coast-line the sea is 
constantly eating back into the land and reducing its com- 
ponent rocks to form the shingle and sand which we see upon 
every shore. The materials thus produced are not, however, 
ost, but aie ultimately deposited elsewhere in the form of new 
stratifaed acciimulations, in which are buried the remains of 
animals inhabiting the sea at the time. 

Whenever, then, we find anywhere in the interior of the land 
any series of beds having these characters— composed, that is, 
of distinct layers, the particles of which, both large and small, 
sliow distinct traces of the wearing action of water — whenever 
and wherever we find such rocks, we are justified in assuming 
that they have been deposited by water in the manner above 
mentioned. Either they were laid down in some former lake 
by the combined action of the streams which flowed into it ; 
or they were deposited at the mouth of some ancient river, 
oimmg Its delta; or they were laid down at the bottom of the 
ocean. In the first two cases, any fossils which the beds 
might contain would be the remains of fresh-water or terres- 
tnal organisms. In the last case, the majority, at any rate, of 
the fossils would be the remains of marine animals. 

1 he term “ formation ” is employed by geologists to express 
any gioiip of locks which have some character in common, 
whether of origin, age, or composition” (Lyell) ; so that we 
may speak of stratified and unstratified formations, aqueous 
or Igneous foi’inations, fresh-water or marine formations, and 
so on. 


Chief Divisions of the Aqueous Rocks. 

+1 Ar Rocks may be divided into two great sections, 

the Mechanically-formed and the Chemically-formed, includ- 
ing under the last head all rocks which owe their origin to 
vital action, as well as those produced by ordinary chemical 
agencies. ^ 

A. Mechanically-formed Rocks. — These are all those 
Aqueous Rocks of which we can obtain proofs that their 
particles have been mechanically transported to their present 
SI ua ion. Ihus, if we examine a piece of conglojiicrate or 
puddingstone, rve find it to be composed of a number of 
rounded pebbles embedded in an enveloping matrix or paste, 
which IS usiia ly of a sandy nature, but may be composed of 
carbonate of lime ^vhen the rock is said to be a “ calcareous 
onglomeiate ), The pebbles in all conglomerates are worn 
g,nd rounded by the action of water in motion, and thus show 
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that they have been subjected to much mechanical attrition, 
whilst they have been mechanically transported for a greater 
or less distance from the rock of which they originally formed 
part. The analogue of the old conglomerates at the present 
day is to be found in the great beds of shingle and gnyel 
which are formed by the action of the sea on every coast-line, 
and which are composed of water-worn and well-rounded 
pebbles of different sizes. A breccia is a mechanically-formed 
rock, very similar to a conglomerate, and consisting of larger 
or smaller fragments of rock embedded in a common matrix. 
The fragments, however, are in this case all more or lep 
angular, and are not worn or rounded. The fragments in 
breccias may be of large size, or they may be comparatively 
small (fig. 6); and the matrix may be composed of sand (aren- 
aceous) or of carbonate of 
lime (calcareous). In the case 
of an ordinarysandstone, again, 
we have a rock which may be 
regarded as simply a very fine- 
grained conglomerate or brec- 
cia, being composed of small 
grains of sand (silica), some- 
timesrounded, sometimes more 
or less angular, cemented to- 
gether by some such substance 
as oxide of iron, silicate of 
iron, or carbonate of lime. A 
sandstone, therefore, like a Fig. 6.— Microscopic .section of a calcare- 

1 „ ; ous breccia in the Lower Silurian (Coniston 

conglomerate, is a mechani- Limestone) of’Shap Wells, Westmoreland, 
callv-forraed rock, its compo- The fragments .are all of sntall size, and 
•' . , . ' 11 Ii consist of angular pieces of transparent 

nent grains being equally the quartz, volcanic ashes, and limestone em- 
result of mechanical attrition matrix of crystalline limestone. 

and having equally been trans- 
ported from a distance ; and the same is true of the ordinary 
sand of the sea-shore, which is nothing more than an uncon- 
solidated sandstone. Other so-called sands and sandstones, 
though equally mechanical in their origin, are truly calcareous 
in their nature, and are more or less entirely composed of 
carbonate of lime. Of this kind are the shell-sand so com- 
mon on our coasts, and the coral-sand which is so largely 
formed in the neighbourhood of coral-reefs. In these cases 
the rock is composed of fragments of the skeletons of shell- 
fish, and numerous other marine animals, together, in many 
instances, with the remains of certain sea-weeds {Corallines, 
INiillipons, (S;c.) which are endowed with the power of secret- 
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ing carbonate of lime from the sea-water. Lastly in cer- 
tain rocks still finer in their texture than sandsiones, such 
as the various mud-rocks and shales, we can still recognise a 
m^hanical souice and origin. If slices of any of these rocks 
sufhciently thin to be transparent are examined under the 
microscope, It will be found that they are composed of minute 
grains of different^ .sizes, which are all more or less worn and 

therefore, that they have 
been subjected to mechanical attrition. 

then, are mechanically-formed 
ocks, and they aie often spoken of as “Derivative Rocks” 
in consequence of the fact that their particles can be shown to 
It folio from other . pre-existent rocks. 

rock L ilkm ’“f “y raechanically-fomied 

ock IS the nieasm-e and equivalent of a corresponding amount 

o destruction of some older rock. It is not necfs^^io 

Jocks hnf > ° account of the subdivisions of these 

rocks, but it may be mentioned that they may be divided into 

sand or 7" theso-called Arenaceous (fit. arena, ■ 

w ; Ilock.s, which are essentially composed of 

laiger or smaller grains of flint or silica. In this gJoup aJe 
comprised ordinary sand, the varieties of sandstone a Jd gHt 
and most conglomerates and breccias. We shall however after 
wards see that some siliceous rocks are of orSldrorSrt ni 
the second group are the so-called Argillamm Oja arnlla 
clay) Rocks, which contain a larger or smaller amount of clly or 
Sr cmn^ drvs°^ alumina in their composition. Under this 

priSd^Si‘ilrott“An“‘““'' this section are com- 

beerfomed hv Sedunentary Rooks which have 
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01 lime, or are wholly composed of this substance. Carbonate 
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of lime is soluble in water holding a certain amount of car- 
bonic acid gas in solution ; and it is, therefore, found in larger 
or smaller quantity dissolved in all natural waters, both fresh 
and salt, since these waters are always to some extent charged 
with die above-mentioned solvent gas. A great number of 
aquatic animals, however, together with some aquatic plants, 
are endowed with the power of separating the lime thus held 
in solution in the water, and of reducing it again to its solid 
condition. In this way shell-fish, crustaceans, sea-urchins, 
corals, and an immense number of other animals, are enabled 
to construct^ their skeletons ; whilst some plants form hard 
structures within their tissues in a precisely similar manner. 
We do meet with some calcareous deposits, such as the 
stalactites ’ and “stalagmites” of daves, the “calcareous 
tufa ” and “travertine” of some hot springs, and the spongy 
calcareous deposits of so-called “petrifying springs,” which 
are purely chemical in their origin, and owe nothing to the 
operation of living beings. Such deposits are formed simply 
by the precipitation of carbonate of lime from water, in con- 
sequence of the evaporation from the water of the carbonic 
acid gas which formerly held the lime in solution ; but, though 
sometimes forming masses of considerable thickness and of 
geological importance, they do not concern us here. Almost 
all the limestones which occur in the series of the stratified 
rocks are, primarily at any rate, of organic origin, and have 
been, directly or indirectly, produced by the action of certain 
lime-making animals or plants, or both combined. The pre- 
sumption as to all the calcareous rocks, which cannot be 
clearly shown to have been otherwise produced, is that they 
are thus organically forined ; and in many cases this presump- 
tion can be readily reduced to a certainty. There are many 
varieties of the calcareous rocks, but the following are those 
which are of the greatest importance : — 

C/ia//e is a calcareous rock of a generally soft and pulver- 
ulent texture, and with an earthy fracture. It varies in its 
purity, being sometimes almost wholly composed of carbonate 
of hme, and at other times more or less intermixed with foreign 
matter. Though usually soft and readily reducible to powder, 
chalk is occasionally, as in the north of Ireland, tolerably hard 
and compact ; but it never assumes the crystalline aspect 
and stony density of limestone, except it be in immediate 
contact with some mass of igneous rock. By means of the 
microscope, the true nature and mode of formation of chalk 
can be determined with the greatest ease. In the case of the 
harder varieties, the examination can be conducted by means 
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of slices ground down to a thinness sufficient to render them 
transparent ; but in the softer kinds the rock must be disinte- 
grated under water, and the debris examined microscopically. 
When investigated by either of these methods, chalk is found 
to be a genuine organic rock, being composed of the shells or 
hard parts of innumerable marine animals of different kinds, 
some entire, some fragmentary, cemented together by a matrix 
of very finely granular carbonate of lime. Foremost amongst 
the animal remains which so largely compose chalk are the 
shells of the minute creatures which will be subsequently 
spoken of under the name of JPoraminifera (fig. 7), and which, 

in spite of their microscopic 



Fig. 7. — Section of Gravesend Chalk, 
examined by transmitted light and' highly 
magnified. Besides the entire shells of 
Globigeriiia, Jioialia, and Textularia, 
numerous detached chambers of Globi- 
are seen. (Original.) 


dimensions, play a more im- 
portant part in the process of 
lime-making than perhaps any 
other of the larger inhabitants 
of the ocean. 

As chalk is found in beds 
of hundreds of feet in thick- 
ness, and of great purity, there 
was long felt much difficulty 
in satisfactorily accounting for 
its mode of formation and ori- 
gin. By the researches of 
Carpenter, Wyville Thomson, 
Huxley, Wallich, and others, 
it has, however, been shown 
that there is now forming, in 
the profound depths of our 


great oceans, a deposit which 
is in all essential respects identical with chalk, and which is 
generally known as the Atlantic ooze,” from its having been 
first discovered in that sea. This ooze is found at great 
depths (5000 to over 15,000 feet) in both the Atlantic and 
Pacific, covering enormously large areas of the sea-bottom, 
and it presents itself as a whitish-brown, sticky, impalpable mud, 
very like greyish chalk wdien dried. Chemical examination 
shows that the ooze is composed almost wholly of carbonate of 
linie, and microscopical examination proves it to be of organic 
origin, and to be made up of the remains of living beings. 
The principal forms of these belong to the Foraminifera, and 
the commonest of these are the irregularly-chambered shells of 
Globigerma, absolutely indistinguishable from the Globigerhice 
which are so largely present in the chalk (fig. 8). Along with 
these occur fragments pf the skeletons of other larger creatureSj 
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and a certain proportion of the flinty cases of minute animal 
and vegetable organisms (Polycystina and Diatoms). Though 


Fis- 8. — Organisms in the Atlantic Ooze, 
chiefly Formitini/em {Qlohigerina and 
J'extularia), with Pofycyatina and sponge- 
spicules; highly magnified. (Original.) 

only requires consolidation to become actually converted into 
chalk. Both are fundamentally organic deposits, apparently 
requiring a great depth of water for their accumulation, and 
mainly composed of the remains of Foraminifera, together 
with the entire or broken skeletons of other marine animals of 
greater dimensions. It is to be remembered, however, that the 
ooze, though strictly representative of the chalk, cannot be 
said in any proper sense to be actually identical with the for- 
mation so called by geologists. A great lapse of time separates 
the two, and though composed of the remains of representative 
classes or groups of animals, it is only in the case of the lowly- 
organised Globigerina, and of some other organisms of little 
higher grade, that we find absolutely the same kinds or species 
of animals in botli. 

Limestone, like chalk, is composed of carbonate of lime, 
sometimes almost pure, but more commonly with a greater or 
less intermixture of some foreign material, such as alumina or 
silica. The varieties of limestone are almost innumerable, 
but the great majority can be clearly proved to agree with 
chalk in being essentially of organic origin, and in being more 
or less largely composed of the remains of living beings. In 
many instances the organic remains which compose limestone 
are so large as to be readily visible to the naked eye, and the 
rock is at once seen to be nothing more than an agglomera- 
tion of the skeletons, generally fragmentary, of certain marine 
gnimals, cepiented together by a matrix pf carbonate pf limp. 



many of the minute animals, 
the hard parts of which form 
the ooze, undoubtedly live at 
or near the surface of the sea, 
others, probably, really live 
near the bottom ; and the ooze 
itself forms a congenial home 
for numerous sponges, sea- 
lilies, and other marine ani- 
mals -which flourish at great 
depths in the sea. There is 
thus established an intimate 
and most interesting parallel- 
ism between the chalk and 
the ooze of modern oceans. 
Both are formed essentially in 
the same way, and the latter 
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This is the case, for exaraple, with the so-called ‘‘ Crinoidal 
Limestones^’ and “ Encrinital Marbles” with which the geolo- 
gis IS so familiar, especially as occurring in great beds amongst 
the older formations of the earth’s crust. These are seen, on 
weatheied or broken surhices, or still better in polished slabs 
( g- 9)) be composed more or less exclusively of the broken 



•shire® J tile naw'raulze ‘r® Carboniferous limestone of Dent, in York- 
dtfferent angles, and thus gives rise to varying^ppelrance^ ffiginal) 

stems and detached plates of sea-lilies (Ow/*). Similarly 
of coir'Sr "7 almost entirely of the skeletons 

miXtVhvfn ^ limestones can readily be 

T '' ' actual courL of 

production at the present day. We only need to tnnqnm-t 

to fte WesLnd^l or 

larly bv livincr rn ^ 1 ^’ ^ masses of lime formed simi- 

name of ‘‘ ^’"der the 

both suDerficiullir and • extent, 

• ,-1 • S-iid in vertical thickness, and thev fullv ennal 

tb' nmestones of /ygm?el^:f 

"NummuHtifl inait^" Imestones - such as the celebrated 
thickness of snmp tl sometimes attains a 

mSe nn of fh^ ^ feet~which are almost entirely 

^'Numnuilitir Trif of In the case of the 

lame size vannhir? mentioned, these shells are of 

size, varj ing from the size of a split pea up to that of a 
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florin. There are, however, as we shall see, many other lime- 
stones, which are likewise largely made up of Foramiuifera, 



Fig. 10. — Piece of Nuiiitniilitic Lime.stone from the Great Pyramid. 
Of the natural .size. (Original.) 


but in which the shells are very much more minute, and would 
hardly be seen at all without the microscope. 

We may, in fact, consider that the great agents in the pro- 
duction of limestones in past ages have been animals belonging 
to the Crinoids^ the Corals, and the Fo7‘amhiifera. At the pre- 
sent day, the Crinoids have been nearly extinguished, and the 
few known survivors seem to have retired to great depths in 
the pcean ; but the two latter still actively carry on the work 
of lime-making, the former being very largely helped in their 
operations by certain lime-producing marine plants {Nulliprcs 
and Corallines), We have to remember, however, that though 
the limestones, both ancient and modern, that we have just 
spoken of, are truly organic, they are not necessarily formed 
out of the remains of animals which actually lived on the 
precise spot where we now find the limestone itself. We may 
find a crinoidal limestone, which we can show to have been 
actually formed by the successive growth of generations of 
sea-lilies zn place ; but we shall find many others in which the 
rock is made up of innumerable fragments of the skeletons of 
these creatures, which have been clearly w’^orn and rubbed by 
the sea-waves, and which have been mechanically transported 
to their present site. In the same w'ay, a limestone may be 
shown to have been an actual coral-reef, by the fact that we 
find in it great masses of coral, growing in their natural posi- 
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tion, and exhibiting plain proofs that they were simply quietly 
Duned by the calcareous sediment as they grew j but other 
limestones may contain only numerous rolled and water-worn 
lagments of ^ corals. This is precisely paralleled by what we 
can observe m our existing coral-reefs. Parts of the modern 
coral-islands and coral-reefs are really made up of corals, dead 
01 alive, which actually grew on the spot where we now find 
them • but other parts are composed of a limestone-rock 
( coial-iock ), or of a loose sand (“coral-sand”), which is 
organic in the sense that it is composed of lime formed by 
iving bemp, but which, in truth, is composed of fragments 
ot the skeletons of these living beings, mechanically trans- 
ported and heaped together by the sea. To take another 
example nearer home, we may find great accumulations of 
calcaieous matter formed in place, by the growth of shell-fish, 
such as oysters or mussels ; but we can also find equally great 
accumulations on many of our shores in the form of “ sliell- 
sand, which is equally composed of the shells of molluscs, but 
which is formed by the trituration of these shells by the 
mechanical power of the sea-waves. We thus see that though 
a lese imestones are primarily organic, they not uncom- 
mon yecome ‘mechanically-formed” rocks in a secondary 
sense, the materials of which they are composed being formed 
y iving beings, but having been mechanically transported to 
the place where we now find them. 

Many limestones, as we have seen, are composed of large 
on. organic remains, such as strike the eye at 

once. Many others, however, which at first sight appear com- 
pact, moie or less crystalline, and nearly devoid of traces of 
1 e, are oun , wien properly examined, to be also composed 
f organisms. All the commoner lime- 
Kp p ^ Loiver Silurian period onwards, can 

1 -*? rocks, if we investigate 

w?rm surfaces with a lens, or, still better, if 

me till they 

c e transparent. When thus examined, the rock is usually 

foSfs composed of innumerable entire or fragmentary 

of c4on™e of "" 

fs'hardel Md'r*' Precisely similar to chalk, excef'thS it 

ocSnff dr r'f ‘51 “>>y 

fte f f! d In other cases, 

fnTas 

nature of the rock may be greatly or compleid) obXed 
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thereby. Thus, in limestones which have been greatly altered 
or ‘'metamorphosed” by the combined action of heat and pres- 



Fig. II. — Section of Cai-lioniferouS 
Limestone from Spergen Hill, Indiana, 
U.S., showing numerous large-sized 
Foraminifera {Endoihyrd) and a few 
oolitic grains ; magnified. (Original.) 



Fig. 12. — Section of Coniston Limestone 
(Lower Silurian) from Keisley, Westmore- 
land ; magnified. The matrix is very coarse- 
ly crystalline, and the included organic re- 
mains are chiefly stems of Crinoids. (Ori- 
ginal.) 


sure, all traces of organic remains become annihilated, and the 
rock becomes completely crystalline throughout. This, for 
example, is the case with the ordinary white “statuary marble,” 
slices of which exhibit under the microscope nothing but an 
aggregate of beautifully transparent crystals of carbonate of 
lime, without the smallest traces of fossils. There are also 
other cases, where the limestone is not necessarily highly 
crystalline, and where no metamorphic action in the strict 
sense has taken place, in which, nevertheless, the microscope 
fails to reveal any evidence that the rock is organic. Such 
cases are somewhat obscure, and doubtless depend on differ- 
ent causes in different instances; but they do not affect the 
important generalisation that limestones are fundamentally the 
product of the operation of living beings. This fact remains 
certain ; and when we consider the vast superficial extent 
occupied by calcareous deposits, and the enormous collective 
thickness of these, the mind cannot fail to be imiDressed with 
the immensity of the period demanded for the formation of 
these by the agency of such humble and often microscopic 
creatures as Corals, Sea-lilies, Foraminifers, and Shell-fish. 

Amongst the numerous varieties of limestone, a few are of 
such interest as to deserve a brief notice. M^agnesian limestone- 
ox dolomite^ differs from ordinary limestone in containing a cer- 
tain proportion of carbonate of magnesia along with the carbon, 
ate of lime. The typical dolomites contain a large proportion of 
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carbonate of magnesia, and are highly crystalline. The ordi- 
nary magnesian limestones (such as those of Durham in the 
Permian series, and the Guelph Limestones of North America 
in the Silurian series) are generally of a yellowish, buff, or 
brown colour, with a crystalline or pearly aspect, effervescing 
with acid much less freely than ordinary limestone, exhibiting 
numerous cavities from which fossils have been dissolved out, 
and often assuming the most varied and singular forms in con- 
sequence of what is called “ concretionary action.” Examina- 
tion with the microscope shows that these limestones are 
composed of an aggregate of minute but perfectly distinct 
crystals, but that minute organisms of different kinds, or 
fragments of larger fossils, are often present as well. ■ Other 
magnesian limestones, again, exhibit no striking external pecu- 
liarities by which the presence of magnesia would be readily 
recognised, and though the base of the rock is crystalline, they 
are leplete with the remains of organised beings. Thus many 
of the magnesian limestones of the Carboniferous series of the 
North of England are very like ordinary limestone to look at, 
though effeivescing less freely with acids, and the microscope 
proves thein to be charged with the remains of Formninifera 
and other minute organisms. 

^ Marbles are of various kiirds, all limestones which are suffi- 
ciently hard and compact to take a high polish going by this 
name. Statuary marble, and most of the celebrated foreign 
marbles, are “ metamorphic ” rocks, of a highly crystalline 
nature and having all traces of their primitive organic struc- 
ture obliterated. Many other marbles, however, differ from 
oidmaiy limestone simply in the matter of density. Thus, 
many marbles (such as Derbyshire marble) are simply “cri- 
noml hme.stones” (fig. 9) ; whilst various other British 
marbles exhibit innumerable organic remains under the mi- 
croscope. Black marbles owe their colour to the presence of 
very minute particles of carbonaceous matter, in some cases 
at any rate; and they may either be metamorphic, or they 
^ minute fossils such as Formninifej'a (e.g., 

the black limestones of Ireland, and the black marble of Dent, 
ui Yorkshire). ’ 

-irp or “ oolites” as they are often called, 

uernlir paleontologist and geologist. The 

rork^ri mn f they owe their name is that the 

nrainq entirely composed of spheroidal or oval 

un tn ilip ^ ^ ™ from the head of a small pin or less 

rnntarf ° ^ pea, and which maybe in almost immediate 
1 one another, or may be cemented together by a 
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more or less abundant calcareous matrix. When the grains 
are pretty nearly spherical and are in tolerably close contact, 
the rock looks very like the roe of a fish, and the name of 
“ oolite ” or “ egg-stone ” is in allusion to this. When the 
grains are of the size of peas or upwards, the rock is often 
called a “ pisolite ” (Lat. a pea). Limestones having 
this peculiar structure are especially abundant in the Jurassic 
formation, which is often called the “ Oolitic series ” for this 
reason; but essentially similar limestones occur not uncom- 
monly in the Silurian, Devonian; and Carboniferous forma- 
tions, and, indeed, in almost all rock-groups in which limestones 
are largely developed. Whatever may be the age of the for- 
mation in which they occur, and whatever may be the size of 
their component “ eggs,” the structure of oolitic limestones is 
fundamentally the same. All the ordinary oolitic limestones, 
namely, consist of little spherical or ovoid “ concretions,” as 
they are termed, cemented together by a larger or smaller 
amount of crystalline carbonate of lime, together, in many 
instances, with numerous orgairic remains of different kinds 
(fig. 13). When examined in polished slabs, or in thin sec- 
tions prepared for the micro- 
scope, each of these little con- 
cretions is seen to consist of 
■ numerous concentric coats of 
carbonate of lime, which some- 
times simply surround an ima- 
ginary centre, but which, more 
commonly, have been suc- 
cessively deposited round 
some foreign body, such as a 
little crystal of quartz, a clus- 
ter of sand-grains, or a minute 
shell. In other cases, as in 
some of the beds of the Car- 
boniferous limestone in the 
North of England, where the 

limestone is highly “ arenaceous,” there is a modification of the 
oolitic structure. Microscopic sections of these sandy lime- 
stones (fig. 14) show numerous generally angular Or oval grains 
of silica or flint, each of which is commonly surrounded by a 
thin coating of carbonate of lime, or sometimes by several such 
coats, the whole being cemented together along with the shells 
of Forammifera and other minute fossils by a matrix of crystal- 
line calcite. As compared with typical oolites, the concretions 
in these limestones are usually much more irregular in shape, 



Fig. 13. — Slice of nolitic limestone 
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often lengthened out and almost cylindrical, at other times 
angular, the central nucleus being of large size, and the sur- 
rounding envelope of lime be- 
ing very thin, and often exhib- 
iting no concentric structui'e. 
In both these and the ordinary 
oolites, the structure is funda- 
mentally tire same. Both have 
been formed in a sea, probalrly 
of no great depth, the waters 
of which were charged with 
carbonate of lime in solution, 
whilst the bottom was formed 
of sand intermixed with minute 
shells and fragments of the 
skeletons of larger marine ani- 
mals. The excess of lime in 
the sea-water was precipitated 
round the sand-grains, or round 
the smaller slrells, as so many 
nuclei, and this precipitation must often have takeir place time 
after time, so as to give rise to the concentric structure so char- 
acteristic of oolitic concretions. Finally, the oolitic grains thus 
produced were cemented together by a further precipitation of 
crystalline carbonate of lime from the waters of the ocean. 

Phosphate of Lime \% another lime-salt, which is of interest 
to the palaeontologist. It does not occur largely in the strati- 
fied series, but it is found in considerable beds in the 
Laurentian formation, and less abundantly in some later rock- 
groups, whilst it occurs abundantly in the form of nodules in 
parts of the Cretaceous (Upper Greensand) and Tertiary 
deposits. Phosphate of lime forms the larger proportion of 
the earthy matters of the bones of Vertebrate animals, and also 
occurs in less amount in the skeletons of certain of the Inver- 
tebrates {e.g.^ Crustacea). It is, indeed, perhaps more dis- 
tinctively than carbonate of lime, an organic compound ; and 
though the formation of many known deposits of lohosphate of 

Apart from the occurrence of phosphate of lime in actual heels in the 
stratified rocks, as in the Laurentian and Silurian series, this .salt may also 
occur disseminated through the rock, ■when it can only be detected by 
chemical analysis. It is interesting to note that Dr Hicks has recently 
proved the occurrence of phosphate of lime in this disseminated form in 
rocks as old as the Cambrian, and that in quantity quite equal to what is 
generally found to be present in the later fossiliferous rocks. This affdrds 
a chemical proof that animal life flourished abundantly in the Cambrian 
seas. 



Fig. 14. — Slice of arenaceous and 
oolitic limestone from the Carbonifer- 
ous series of Shap, Westmoreland ; mag- 
nified. The section also exhibits Fora- 
vtinifera and other minute fossils. (Ori- 
ginal) 
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lime cannot be positively shown to be connected with the 
pi'cvious operation of living beings, there is room for doubt 
whether this salt is not in reality always primarily a product 
of vital action. The phosphatic nodules of the Upper Green- 
sand are erroneously called coprolites,” from the belief 
originally entertained that they were the droppings or fossilised 
excrements of extinct animals ; and though this is not the case, 
there can be little doubt but that tire phosphate of lime which 
they contain is in this instance of organic origin."'^ It appears, 
in fact, that decaying animal matter has a singular power of 
determining the precipitation around it of mineral salts dis- 
solved in water. Thus, when any animal bodies are undergo- 
ing decay at the bottom of the sea, they have a tendency to 
cause the precipitation from the surrounding water ot any 
mineral matters which may be dissolved in it ; and the organic 
body thus becomes a centre round which the mineral matters 
in question are deposited in the form of a “concretion” or 
“nodule.” The phosphatic nodules in cpiestion were formed 
in a sea in which phosphate of lime, derived from the destruc- 
tion of animal skeletons, was held largely in solution ; and a 
precipitation of it took place round any body, such as a decay- 
ing animal substance, which happened to be lying on the sea- 
bottom, and which offered itself as a favourable nucleus. In 
the same way we may explain the formation of the calcareous 
nodules, known as “septaria” or “cement stones,” which 
occur so commonly in the London Clay and Kimmeridge 
Clay, and in which the principal ingredient is carbonate of 
lime. A similar origin is to be ascribed to the nodules of 
clay iron-stone (impure carbonate of iron) which occur so 
abundantly in the shales of the Carboniferous series and in 
other argillaceous deposits ; and a parallel modern example is 
to be found in the nodules of manganese, which were found 
by Sir Wyville Thomson, in the Challenger, to be so numer- 
ously scattered over the floor of the Pacific at great depths. 
In accordance with this mode of origin, it is exceedingly 
common to find in the centre of all these nodules, both old 
and new, some organic body, such as a bone, a shell, or a 
tooth, which acted as the original nucleus of precipitation, and 

* It has been maintained, indeed, that the phosphatic nodules so largely 
worked for agricultural purposes, are in themselves actual organic bodies 
or true fossils. In a few cases this admits of demon.stration, as it can be 
shown that the nodule is simply an organism (such as a sponge) infdtrated 
with phosphate of lime (Sollas) ; but there are many other cases in which 
no actual structure has yet been shown to exist, and as to the true origin 
of which it would be hazardous to offer a positive opinion. 
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was thus preserved in a shroud of mineral matter. Many 
nodules, it is true, show no such nucleus 3 but it has been 
affirmed that all of them can be shown, by appropriate 
microscopical investigation, to have been formed round an 
original organic body to begin with (Hawkins Johnson). 

The last lime-salt which need be mentioned is gypsum, or 
sulphate of linic. This substance, apart from other modes of 
occurrence, is not uncommonly found interstratified with the 
ordinary sedimentary rocks, in the form of mure or less irregu- 
lar beds j and in these cases it has a palreontological import- 
ance, as occasionally yielding well-preserved fossils. Whilst 
its exact mode of origin is uncertain, it cannot be regarded as 
in itself an organic rock, Jhough clearly the product of chemical 
action. To look at, it is usually a whitish or yellowish-white 
rock, as coarsely crystalline as loaf-sugar, or more so ; and the 
microscope shows it to be composed entirely of crystals of 
sulphate of lime. 

We have seen that the calcareous or lime-containing rocks 
aie the most important of the group of organic deposits; whilst 
the siliceous or flint-containing rocks may be regarded as the 
most important, most typical, and most generally distributed 
of tliG iiiechciiiica.lIy-forniGcl rocks. We havej howeverj now 
briefly to consider certain deposits which are more or less 
completely formed of flint ; but which, nevertheless, are essen- 
tially organic in their origin. 

Fliiit or silex, hard and intractable as it is, is nevertheless 
capable of solution in water to a certain extent, and even of 
assuming, under certain circumstances, a gelatinous or viscous 
condition. Hence, some hot - springs are impregnated with 
silica to a considerable extent ; it is present in small quantity 
in sea-water ; and there is reason to believe that a minute pro- 
portion must very generally be_ present in all bodies of fresh 
water as well. It is from this silica dissolved in the water that 
many animals and some plants are enabled to construct for 
lemselves flinty skeletons; and we find that these animals and 
plants are^ and have been sufficiently numerous to give rise to 
very considerable deposits of siliceous matter by the mere 
accuniulation of their skeletons. Amongst the animals which 
require special mention in this connection are the microscopic 
organisms which are known to the naturalist as Folycystina. 
Hiese little crptiires are of the lowest possible grade of organ- 
isation, very closely related to the animals which we have pre- 
viously spoken of as Foraminifera, but differing in the fact that 
they secrete a shell or skeleton composed of flint instead of 
lime. Ihe Folycystma occur .abundantly in our present seas; 
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their shells are present in some numbers in the ooze which 
at great depths in the Atlantic and Pacillc^ oceans, 
g easily recognised by their exquisite shape, theii glassy 
sparency, the genei'al presence of longer oi shoitei spines, 
the sieve-like perforations in the walls. Both in Barbadoes 
ill the Nicobar islands occur geological formations which 
composed of the flinty skeletons of these_ microscopic 
na.lsj the deposit in the former locality attaining a gieat 
kiiess, and having been long known to workers with the 
roscope under the name of Barbadoes eaith (fig- ^S)’ 
ti addition to flint - producing animals, we have _ also the 
Lt group of fresh -water and marine microscopic plants 




iwn as Diatoms^ which likewise secrete a siliceous skeleton, 
211 of great beauty. The skeletons of Diatoms are found 
in dandy at the present day in lake-deposits, guano, the silt 
estuaries, and in the mud which covers many parts of the 
-bottom 3 they have been detected in strata of gieat age, 
i in spite of their microscopic dimensions, they have not un- 
nmonly accumulated to form deposits of great thicAness, 

1 of considerable superficial extent. Thus the celebrated 
posit of “tripoli” (“ Polir-schiefer ”) of Bohemia, largely 
rked as polishing-powder, is composed wholly, or almost 
Lolly, of the flinty cases of Diatoms, of which it is calculated 
It no less than forty-one thousand millions go to make up a 
o-le cubic inch of the stone. Another celebrated deposit is 

2 so-called ‘‘Infusorial earth” of Richmond m Virginia, 
lere there is a stratum in places thirty feet thick, composed 
nost entirely of the microscopic shells of Diatoins. _ 
Nodules or layers of or the impure variety of flint 
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known as cJm't, are found in limestones of almost all ages from 
Snip ' w"! but they are especially abundant in the 

nnrpm ^ examined in thin and trans- 

paient slices iinder the microscope, or in polished sections, 

Pp/ contain an abundance of minute organic 

bodies such as Forammtfera, sponge-spicules, &c. —embedded 
siliceous, basis. In many instances the flint contains 
laigei oiganisras— such as a Sponge or a Sea-urchin. As the 
flint has completely surrounded and infiltrated the fossils which 
It contains. It is obvious that it must have been deposited from 
sea-watei in a gelatinous condition, and subsequently have 
^ capable of assuming this viscous and 
Wf known; and the formation of flint may 

Sp i regarded as due to the separation of silica from 
the sea_watei and its deposition round some organic body in a 

nf clecay, just as nodules of phos- 

phate of lime 01 carbonate of iron are produced. The exist- 
organic bodies in flint has long been known; 
I^hnLnf ^ ^ ^ observer (Mr Hawkins 

L dpmnn a tbe existence of an organic structure can 

nW methods of treatment, even in the 

actual matiix oi basis of the flint.* 

Silicemff ^bit itself, there are other 

siliceous deposits formed by certain silimfa, and also of 

carried ouHn' ^ shown, namely— by observations 

SI llAUp V 1 b^'esent seas—that the shells of Fommtm/eni 
S ro ^^’“'''^^°™bletely infiltrated by silicates (such 

actna'l ’ °^i ^u^^ potash). Should the 

dds "bell become dissolved away subsequent to 

e si ^^"ble to occur-then, in place of 
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we have thus another and a very interesting example how rock- 
deposits of considerable extent and of geological importance 
can be built up by the operation of the minutest living beings. 

As regards argillaceous deposits, containing almmna or clay 
as their essential ingredient, it cannot be said^ that may of 
these have been actually shown to be of organic origin. A 
recent observation by Sir Wyville Thomson would, however, 
render it not improbable that some of the great argillaceous 
accumulations of past geological periods may be really organic. 
This distinguished observer, during the cruise^ of the Chal- 
lenger, showed that the calcareous ooze which has been 
already spoken of as covering large areas of the floor of the 
Atlantic and Pacific at great depths, and which consists almost 
wholly of the shells of Foramiitifera, gave place at still greater 
depths to a red ooze consisting of impalpable clayey mud, 
coloured by oxide of iron, and devoid of traces of organic 
bodies. As the existence of this widely-diffused red ooze, in 
mid- ocean, and at such great depths, cannot be explained on 
the supposition that it is a sediment brought down into the 
sea by rivers, Sir Wyville Thomson came to the conclusion 
that it was probably formed by the action of the sea-water 
upon the shells of Foraminifera. These shells, though mainly 
consisting of lime, also contain a certain proportion of alumina, 
the former being soluble in the carbonic acid dissolved in the 
sea-water, whilst the latter is insoluble. There would further 
appear to be grounds for believing that the solvent power of 
the sea -water over lime is considerably increased at great 
depths. If, therefore, we suppose the shells of Foraminifera 
to be in course of deposition over the floor of the Pacific, at 
certain depths they would remain unchanged, and would ac- 
cumulate to form a calcareous oozej but at greater depths they 
would be acted upon by the water, their lime would be dis- 
solved out, their form would disappear, and we should simply 
have left the small amount of alumina which they previously 
contained. In process of time this alumina would accumulate 
to form a bed of clay; and as this clay had been directly 
derived from the decomposition of the shells of animals, it 
would be fairly entitled to be considered an organic deposit. 
Though not finally established, the hypothesis of Sir Wyville 
Thomson on this subject is of the greatest interest to the palse- 
ontologist, as possibly serving to explain the occurrence, espe- 
cially in the older formations, of great deposits of argillaceous 
matter which are entirely destitute of traces of life. 

It only remains, in this connection, to shortly consider the 
rock-deposits in which carbon is found to be present in greater 
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CHAPTER III. 

CHRONOLOGICAL SUCCESSION OF THE 

fossiliferous rocks. 

The physical geologist, who deals with rocks simply as rocks, 
and who does not necessarily trouble himself about what fossils 
they may contain, finds that the stratified deposits which form 
so large a portion of the visible part of the earth’s crust arc 
not promiscuously heaped together, but that they have a cer- 
tain definite arrangement. In each country that he examines, 
ne finds that certain groups of strata lie above certain other 
groups j and in comparing different countries with one anothei', 
he finds that, in the main, the same groups of rocks are always 
found in the same relative position to each other. It is pos- 
sible, therefore, for the physical geologist to arrange the known 
stratified rocks into a successive series of groups, or “forma- 
tions,” having a certain definite order; The establishment of 
this physical order amongst the rocks introduces, however at 
once the element of Nf/ic, and the physical succession of the 
strata can be converted directly into a historical or chnmohnn- 
cal succession. This is obvious, when we reflect that any bed 
or set of beds of sedimentary origin is clearly and necessariiy 
younger than all the strata upon which it rests, and older than 
all those by which it is surmounted. 

It is possible, then, by an appeal to the rocks alone to de- 
termine in each country the general physical succession of the 
strata, and this “ stratigraphical” arrangement, when once de- 
to-mined, gives us the relative ages of the successive groups. 

he task, however, of the physical geologist in this matter is 
immensely lightened when he calls in paleontology to his aid 
and studies the evidence of the fossils embedded in the rocks 
Not only IS It thus iniich easier to determine the order of suc- 
cession of the strata m any given region, but it becomes now 
for the first tune possible to compare, with certainty and 

S hfotlw?e"^ region with that which 
exists in 0 hei regions far distant. The value of fossils as tests 

fee that , 1 ™ IS ‘he,-lime„ta,7 tocks depends ™ the 
lact that they aie not indefinitely or promiscuouslv sni-imwl 

Sfbe‘'’=o?r' ii;:' 

lished law o? P contrary, the first and most firmly estali- 
fished law of Palieontology is, that particular kinds of fossils 
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^ observation goes, none of the undoubted Cxrapto- 

unnn nM ' in rocks later than those known 
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mi^ht at any tune be detected in younger deposits Simihirlv 
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1^1-1 1 determining the age of strata by palmonto- 
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iLKi T 1 ■ • experience alone, and which are 

^ When by further and additional discoveries. 

_ Vhen the paleontological evidence as to the aue of anv 
given set of strata is corroborated by the physical evidence our 
conclusions may be regarded as almost certain ; but there are 
eitam limitations and fallacies in the paleontological method 
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namely, a generalisation has been established that certain 
fossils occur in strata of a certain age, palaeontologists are apt 
to infer that all beds containing similar fossils must be of the 
same age. -There is a presumption, of course, that this infer- 
ence would be correct ; but it is not a conclusion resting upon 
absolute necessity, and there might be plrysical evidence to 
disprove it. Fifthly, the physical geologist may lead the palae- 
ontologist astray by asserting that the physical evidence as to 
the age and position of a given group of beds is clear and un- 
equivocal, when such evidence may be, in reality, very slight 
pd doubtful. In this way, the observer may be readily led 
into wrong conclusions as to the nature of the organic remains 
— often obscure and fragmentary — which it is his business to 
examine, or he may be led erroneously to think that previous 
generalisations as to the age of certain kinds of fossils are 
premature and incorrect. Lastly, there are cases in which, 
owing to the limited exposure of the beds, to their being 
merely of local development, or to other causes, the physical 
evidence as to the age of a given group of strata may be en- 
tirely uncertain and unreliable, and in which, therefore, the 
observer has to rely wholly upon the fossils which he may 
meet with. 

In spite of the above limitations and fallacies, there can be 
no doubt as to the enormous value of palaeontology in enab- 
ling us to work out the historical succession of the sedimentary 
rocks. It may even be said that in any case where there 
should appear to be a clear and decisive discordance between 
the physical and the palaeontological evidence as to the age 
of a given series of beds, it is the former that is to be distrusted 
rather than the latter. The records of geological science con- 
tain not a few cases in which apparently clear physical evi- 
dence of superposition has been demonstrated to have been 
wrongly interpreted \ but the evidence of palaeontology, when 
in any way sufficieut, has rarely been upset by subsequent 
investigations. Should we find strata containing plants of the 
Coal-measures apparently resting upon other strata with Am- 
monites and Belemnites, we may be sure that the physical 
evidence is delusive ; and though the above is an extreme case, 
the presumption in all such instances is rather that the physical 
succession has been misunderstood or misconstrued, than that 
there has been a subversion of the recognised succession of 
life-forms. 

^ We have seen, then, that as the collective result of observa- 
tmns made upon the superposition of rocks in different locali- 
ties, from their mineral characters, and from their included 
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fossils, geologists have been able to divide the entire stratified 
series into a number of different divisions or formations, each 
characterised by a general uniformity of mineral composition, 
and by a special and peculiar assemblage of organic forms. 
Each of these primary groups is in turn divided into a seiies of 
smaller divisions, characterised and distinguished in the same 
way. It is not pretended for a moment that all these primary 
rock-groups can anywhere be seen surmounting one another 
regularly.* There is no region upon the earth where all 
the stratified formations can be seen together; and, even 
when most of them occur in the same country, they can 
nowhere be seen all succeeding each other in their regular and 
uninterrupted succession. The reason of this is obvious. 
There are many places — to take a single example — where one 
may see the the Silurian rocks, the Devonian, and the Carbon- 
iferous rocks succeeding one another regularly, and in their 
proper order. This is because the particular region where this 
occurs was always submerged beneath the sea while these for- 
mations were being deposited. There are, however, many 
more localities in which one would find the Carboniferous 
rocks resting unconformably upon the Silurians without the 
intervention of any strata which could be referred to the 
Devonian period. This might arise from one of two causes : 
I. The Silurians might have been elevated above the sea im- 
mediately after their deposition, so as to form dry land during 
the whole of the Devonian period, in which case, of course, 
no strata of the latter age could possibly be deposited in that 
area. 2. The Devonian might have been deposited upon the 
Silurian, and then the whole might have been elevated above 
the sea, and subjected to an amount of denudation sufficient to 
remove the Devonian strata entirely. In this case, when the 
land was again submerged, the Carboniferous rocks, or any 
younger formation, might be deposited directly upon Silurian 
strata. From one or other of these causes, then, or from subse- 
quent disturbances and denudations, it happens that we can 

* As we have every reason to believe that dry land and sea have existed, at 
any rate from the commencement of the Laurentian period to the present day, 
it is quite obvious that no one of the great formations can ever, under any cir- 
cumstances, have extended over the entire globe. In other words, no one of 
the formations can ever have had a greater geographical extent than that of 
the seas of the period in which the formation was deposited. Nor is there any 
reason for thinking that the proportion of dry land to ocean has ever been 
materially different to what it is at present, however greatly the areas of sea 
and land may have changed as regards their place. It follows from the above, 
that there is no sufficient basis for the view that the crust of the earth is com- 
posed of a succession of concentric layers, liJte the coats of an onion, each 
layer representing one formation. 
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rarely find many of the primary formations following one 
another consecutively and in their regular order. 

In no case, however, do we ever find the Devonian resting 
upon the Carboniferous, or the Silurian rocks reposing on the 
Devonian. We have therefore, by a comparison of many 
different areas, an established order of succession of the strati- 
fied formations, as shown in the subjoined ideal section of the 
crust of the earth (fig. 17). 

The main subdivisions of the stratified rocks are known by 
the following names : — 

1. Laurentian. 

2. Cambrian (with Huronian ?). 

3. Silurian. 

4. Devonian or Old Red Sandstone. 

5. Carboniferous. 

6. Permian | , r. 

7. Triassic f Red Sandstone. 

8. Jurassic or Oolitic. 

9. Cretaceous. 

10. Eocene. 

11. Miocene. 

1 2. Pliocene. 

13. Post-tertiary. 



Palaeozoic, Mesozoic. Kainozoic. 
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Ideal Section of the Crust of the Earth. 
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Of these primary rock divisions, the Laurentian, Cambrian, 
Silurian, Devonian, Carboniferous, and Permian are collec- 
tively grouped together under the name of the Primary or 
Palaozoic rocks (Gx. pa laios, ancient; zoe, life). _ Not only do 
they constitute the oldest stratified accumulations, but from 
the extreme divergence between their animals and plants and 
those now in existence, they may appropriately be considered 
as belonging to an “ Old-Life ” period of the world’s history. 
TheTriassic, Jurassic, and Cretaceous systems are grouped to- 
gether as the Secondary or Mesozoic formations (Gr. inesos^ inter- 
mediate; zoe^ life) ; the organic remains of this “ Middle-Life” 
period being, on the whole, intermediate in their characters 
between those of the palaeozoic epoch and those of more 
modern strata. Lastly, the Eocene, Miocene, and Pliocene 
formations are grouped together as the Tertiary or Kainozoic 
rocks (Gr. kainos, new ; zoe, life) ; because they constitute a 
“ New-Life” period, in which the organic remains approximate 
in character to those now existing upon the globe. The so- 
called Post-Tertiary deposits are placed with the Kainozoic, or 
may be considered as forming a separate Quaternary system. 


CHAPTER IV. 

THE BREAKS IN THE GEOLOGICAL AND 
PALAEONTOLOGICAL RECORD. ' 

The term “ contemporaneous ” is usually applied by geolo- 
gists to groups of strata in different regions which contain the 
same fossils, or an assemblage of fossils in which many iden- 
tical forms are present. That is to say, beds which contain 
identical, or nearly identical, fossils, however widely separated 
they may be from one another in point of actual distance, are 
ordinarily believed to have been deposited during the same 
period of the earth’s history. This belief, indeed, constitutes 
the keystone of the entire system of determining the age of 
strata by their fossil contents ; and if we take the word “ con- 
temporaneous ” in a general and strictly geological sense, this 
belief can be accepted as proved beyond denial. We must, 
however, guard ourselves against too literal an interpretation 
of the rvord “ contemporaneous,” and we must bear in mind 
the enormously -prolonged periods of time with wLich the 
geologist has to deal. When we say that two groups of strata 
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in different regions are ‘‘ contemporaneous,” we simply mean 
that they were formed during the same geological period, and 
perhaps at different stages of that period, and we do not mean to 
imply that they were formed at precisely the same instant of time. 

A moment’s consideration will show us that it is only in the 
former sense that we can properly speak of strata being “ con- 
temporaneous and that, in point of fact, beds containing 
the same fossils, if occurring in widely distant areas, can hardly 
be “contemporaneous” in any literal sense ; but that the very 
identity of their fossils is proof that they were deposited one 
after the other. If we find strata containing identical fossils 
within the limits of a single geographical region — say in Europe 
— then there is a reasonable probability that these beds are 
strictly contemporaneous, in the sense that they were deposited 
at the same time. There is a reasonable probability of this, 
because there is no improbability involved in the idea of an 
ocean occupying the whole area of Europe, and peopled 
throughout by many of the same species of marine animals. At 
the present day, for example, many identical species of animals 
are found living on the western coasts of Britain and the 
eastern coasts of North America, and beds now in course of 
deposition off the shores of Ireland and the seaboard of the 
state of New York would necessarily contain many of the 
same fossils. Such beds would be both literally and geologi- 
cally contemporaneous; but the case is different if the distance 
between the areas where the strata occur be greatly increased. 
We find, for example, beds containing identical fossils (the 
Quebec or Skiddaw beds) in Sweden, in the north of England, 
in Canada, and in Australia. Now, if all these beds were con- 
temporaneous, in the literal sense of the term, we should have 
to suppose that the ocean at one time extended uninterrup- 
tedly between all these points, and was peopled throughout 
the vast area thus indicated by many of the same animals. 
Nothing, however, that we see at the present day would justify 
us in imagining an ocean of such enormous extent, and at the 
same time so uniform in its depth, temperature, and other 
conditions of marine life, as to allow the same animals to 
flourish in it from end to end ; and the example chosen is 
only one of a long and ever-recurring series. It is therefore 
much more reasonable to explain this, and all similar cases, as 
owing to the migration of the fauna,- in whole or in part, from 
one marine area to another. Thus, we may suppose an ocean 
to cover what is now the European area, and to be peopled by 
certain species of animals. Beds of sediment — clay, sands, 
and limestones— will be deposited .over the sea-bottom, and 
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will entomb the remains of the animals as fossils. After tl^ 
has lasted for a certain length of time, the European ai'ea tini 
undergo elevation, or may become otherwise unsuitable for tl 
perpetuation of its fauna j the result of which would be tla 
some or all of the marine animals of the area would 7nigra f<- 
some more suitable region. Sediments would then be accuian 
lated in the new area to which they had betaken themselve 
and they would then appear, for the second time, as fossils 
a set of beds widely separated from Europe. ' The second 
of beds would, however, obviously not be strictly or litei*rrl 
contemporaneous with the first, but would be separated fi*o 
them by the period of time required for the migration of f 1 
animals from the one area into the other. It is only in a wi< 
and comprehensive sense that such strata can be said to 1 
contemporaneous. 

It is impossible to enter further into this subject here ; Ta 
it may be taken as certain that beds in widely remote geogi 
phical areas can only come to contain the same fossils 1 
reason of a migration having taken place of the animals 
the one area to the other. That such migrations can and < 
take place is quite certain, and this is a much more reasonaT 
explanation of the observed facts than the hypothesis tha-t 
former periods the conditions of life were much more unifoi 
than they are at present, and that, consequently, the .sa.r 
organisms were able to range over the entire globe at the sa.r 
time. It need only be added, that taking the evidence of t 
present as explaining the phenomena of the past — the or 
safe method of reasoning in geological matters — we Inn 
abundant proof that deposits which are actually conteimi: 
raneous, in the strict sense of the term, do 7iot contam the set. , 
fossils, if far removed from one another in foint of distcr /i 
Thus, deposits of various kinds are now in process of form: 
tion in our existing seas, as, for example, in the Arctic Ocec 
the Atlantic, and the Pacific, and many of these deposits r 
known to us by actual examination and observation witln t 
sounding-lead and dredge. But it is hardly necessary to n 

that the animal remains contained in these deposits 1 

tossils of some future period — instead of being identical, < 
widely different from one another in their characters. 

We have seen, then, that the entire stratified series is capcal 
of subdivision into a number of definite rock-groups or “forrx 
tions, each possessing a peculiar and characteristic ass <2 
blage of fossils, representing the “life” of the “period. 
which the forniation was deposited. We have still to inepm 
shortly how it came to pa.ss that two successive formatic 
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should thus be broadly distinguislied by their life-forms, and 
why they should not rather possess at any rate a majority of 
identical fossils. It was originally supposed that this could be 
explained by the hypothesis that the close of each formation 
was accompanied by a general destruction of all the living 
beings of the period, and that the commencement of each 
new formation was signalised by the creation of a number of 
brand-new organisms, destined to figure as the characteristic 
fossils of the same. This theory, however, ignores the fact 
that each formation— -as to which we have any sufficient 
evidence— contains a few, at least, of the life-forms which 
existed in the preceding period; and it invokes forces and 
processes of which we know nothing, and for the supposed 
action of which we cannot account. The problem is an un- 
deniably difficult one, and it will not be possible here to give 
more than a mere outline of the modern views upon the sub- 
ject. Without entering into the at present inscrutable question 
as to the manner in which new life-forms are introduced upon 
the earth, it may be stated that almost all modern geologists 
hold that the living beings of any given formation are in the 
main modified forms of others which have preceded them. It 
is not believed that any general or universal destruction of 
life took place at the termination of each geological period, or 
that a general introduction of new forms took place at the 
commencement of a new period. It is, on the contrary, 
believed that the animals and plants of any given period are 
for the most part (or exclusively) the lineal but modified 
descendants of the animals and plants of the immediately pre- 
ceding period, and that some of them, at any rate, are con- 
tinued into the next succeeding period, either unchanged, or 
so far altered as to appear as new species. To discuss these 
views in detail would lead us altogether too far, but there is 
one veiy obvious consideration which may advantageously 
receive some attention. It is obvious, namely, that the great 
discordance which is found to subsist between the animal 
life of any given formation and that of the next succeeding 
formation, and which no one denies, would be a fatal blow to 
the views just alluded to, unless admitting of some satisfactory 
explanation. Nor is this discordance one purely of life-forms, 
for there is often a physical break in the successions of strata 
as well. ^ Let us therefore briefly consider how far these 
interruptions and breaks in the geological and palmonto- 
logical record can be accounted for, and still allow us to 
believe in some theory of continuity as opposed to the doc- 
trine of intermittent and occasional action. 
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In the first place, it is perfectly clear that if we admit the 
conception above mentioned of a continuity of life from the 
Laurentian period to the present day, we could never prove 
our view to be correct, unless we could produce in evidence 
fossil examples of all the kinds of animals and plants that 
have lived and died during that, period. In order to do this, 
we should require, to begin with, to have access to an abso- 
lutely unbroken and perfect succession of all the deposits 
which have ever been laid down since the beginning. If, 
however, we ask the physical geologist if he is in possession 
of any such uninterrupted series, he will at once answer in the 
negative. So far from the geological series being a perfect one, 
it is interrupted by numerous gaps of unknown length, many 
of which we can never expect to fill up. Nor are the proofs 
of this far to seek. Apart from the facts that we have hitherto 
examined only a limited portion of the dry land, that nearly 
two-thirds of the entire area of the globe is inaccessible to 
geological investigation in consequence of its being covered 
by the sea, that many deposits can be shown to have been 
rnore or less completely destroyed subsequent to their depo- 
sition, and that there may be many areas in which living beings 
exist where no rock is in process of formation, we have the broad 
fact that rock- deposition only goes on to any extent in watei', 
and that the earth must have always consisted partly of dry 
land and partly of water — at any rate, so far as any period of 
which we have geological knowledge is concerned. There 
must, therefore, always have existed, at some part or another 
of the earth’s surface, areas where no deposition of rock was 
going on, and the proof of this is to be found in the well- 
known phenomenon of ''' unco7iformabilityl^ Whenever, namely, 
deposition of sediment is continuously going on within the 
limits of a single ocean, the beds which are laid down succeed 
one another in uninterrupted and regular sequence. vSuch 
beds are said to be “ conformable,” and there are many rock- 
groups known where one may pass through fifteen or twenty 
thousand feet of strata without a break — indicating that the 
beds had been deposited in an area which remained continu- 
ously covered by the sea. On the other hand, we commonly 
find that there is no such regular succession when we pass 
from one great formation to another, but that, on the contrary, 
the younger formation rests “ unconformably,” as it is called, 
either upon the formation immediately preceding it in point of 
time, or upon some still older one. The essential physical 
feature of this unconformability is that the beds of the younger 
formation rest upon a worn and eroded surface formed by the 
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beds of the older series (fig. i8); and a moment’s considera- 
tion will show us what this indicates. It indicates, beyond 



the possibility of misconception, that there was an interval 
between the deposition of the older series and that of the 
newer series of strata ; and that during this interval the older 
beds were raised above the sea-level, so as to form dry land, 
and were subsequently depressed again beneath the waters, to 
receive upon their worn and wasted upper surface the sedi- 
ments of the later group. Daring the interval thus indicated, 
the deposition of rock must of necessity have been proceeding 
more or less actively in other areas. Every unconformity, 
therefore, indicates that at the spot where it occurs, a more or 
less extensive series of beds must be actually niissmg ; and 
though we may sometimes be able to point to these missing 
strata in other areas, there yet remains a number of unconfor- 
mities for which we cannot at present supply the deficiency 
even in a partial manner. 

It follows from the above that the series of stratified deposits 
is to^ a greater or less extent irremediably imperfect ; and in 
this imperfection we have one great cause why we can never 
obtain a perfect series of all the animals and plants that have 
lived upon the globe. Wherever one of these great physical 
gaps occurs, we find, as we might expect, a corresponding 
break in the series of life-forms. In other words, whenever we 
find two formations to be unconformable, we shall always find 
at the same time that there is a great difference in their fossils, 
and that many of the fossils of the older formation do not sur- 
vive into the newer, whilst many of those in the newer are not 
Icnpwn to occur in thp older. The c^use of this is, obviously. 
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indicated by the unconformability, has 

new k’' =-»d the introduction of 

new ones by immigration. 

altogether, from these great physical breaks 
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any «>^dinary circumstances, of leaving behind them any 

which It is true that there are cases in 

thellV^KW^ ? themse ves completely soft-bodied tire never- 
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tossils a e the remains of aquatic animals. The remains of 

or 0 ^' d e'2 “f -'’“bitants of the iLd 

record of tTe ^f.^^''°'^^Paratively rare as fossils, and the 
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Lsiliferou^ dlnr-h" in water. Moreover, the 
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Svelvsn^l “^jontyare marine, and only a conn 

It fol S from hp'f"" rivers, 

is Mlesl InZbfco^S P^l-ntological record 

thouo-h even iiprp a niras sea-animals are concerned, 
of hard stmcturpt; in enormous gaps, owing to the absence 
fresh waters our tnn gfoat groups; of animals inhabiting 
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ance with the f»ir hrotofu- ^ fragmentary acquaint- 

dunnrpast thl earth 

Lastly, the imperfection of the palffiontologioal record, due 
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to the causes above enumerated, is greatly aggravated, especi- 
ally as regards the earlier portion of the earth’s history, by the 
fact that many rocks which contained fossils when deposited 
have since been rendered barren of organic remains. The 
principal cause of this common phenomenon is what is known 
as “ raetamorphism ” — that is, the subjection of the rock to a 
sufficient amount of heat to cause a rearrangement of its par- 
ticles. When at all of a pronounced character, the result of 
metamorphic action is invariably the obliteration of any fossils 
which might have been originally present in the rock. Meta- 
inorphism may affect rocks of any age, though naturally more 
prevalent in the older rocks, and to this cause must be set 
down an irreparable loss of much fossil evidence. The most 
striking example which is to be found of this is the great Lau- 
rentian series, which comprises some 30,000 feet of highly- 
metamorphosed sediments, but which, with one not wholly 
undisputed exception, has as yet yielded no remains of living 
beings, though there is strong evidence of the former existence 
in it of fossils. 

Upon the whole, then, we cannot doubt that the earth’s 
crust,_so far as yet deciphered by us, presents us with but a 
very_ imperfect record of the past. Whether the known and 
admitted imperfections of the geological and palaeontological 
records are sufficiently serious to account satisfactorily for the 
deficiency of direct evidence recognisable in some modern 
hypotheses, may be a matter of individual opinion. There 
can, however, be little doubt that they are sufficiently extensive 
to throw the balance of evidence decisively in favour of some 
theory of contimdty, as opposed to any theory of intermittent 
and occasional action. The apparent breaks which divide the 
great series of the stratified rocks into a number of isolated 
formations, are not marks of mighty and general convulsions 
of nature, but are simply indications of the imperfection of 
our knowledge. Never, in all probability, shall we be able to 
point to a complete series of deposits, or a complete succession 
of life linking one great geological period to another. Never- 
theless, we may well feel sure that such deposits and such an 
unbroken succession must have existed at one time. We are 
coinpelled to believe that nowhere in the long series of the 
fossiliferous rocks has there been a total break, but that there 
must have been a complete continuity of life, and a more or 
less complete continuity of sedimentation, from the Laurentian 
period to the present day. One generation hands on the 
lamp of life to the next, and each system of rocks is the direct 
offspring of those which preceded it in time. Though there 
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has not been continuity in any given area, still the geological 
chain could never have been snapped at one point, and taken 
np again at a totally different one. Thus we arrive at the 
collection that contimdty is the fundamental law of geology, 
as It IS of the other sciences, and that the lines of deraarca- 
Lon between the great formations are but gaps in our own 
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know that it is ‘'lacustrine, ” and was deposited beneath 
enJnfofI contain the 

thatTi.^^n ' know 

an old sea-Sm. “ ‘‘ 

We can, however, often determine the conditions under 
wiich a bed was deposited with greater accuracy than this 
If,. for example the fossils are of kinds resembling the marine 
animals now inhabiting shallow waters, if they are accompanied 
by the detached relics of terrestrial organisms, oi if X are 
paitially lolled and broken, we may conclude that the fLsil- 

vtcX^f ''' "" immediate 

V cinity of a coas -line, or as an actual shore-deposit. If aaain 
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itrmieoi s fn^fr"/ """f ? ^ i ^ intermixture of 
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Sedimentary Rocks. Plants, again, even when undoubtedly 
such as must have grown on land, do not prove that the bed 
in which they occur was formed on land. Many of the remains 
ot plants known to us are extraneous to the bed in which they 
am now found, having reached their present site by falling into 
lakes 01 iiveis, or being carried out to sea by floods or gales of 
1 however, many cases in which plants have 

midoubtedly grown on the very spot where we now find them. 

admitted that the great coal-fields 
of the Carboniferous age are the result of the growth in situ 
of the plants which compose coal, and that these grew 

on vast marshy or partially 
submerged tracts of level 
alluvial land. We have, 
however, distinct evidence 
of old land-surfaces, both in 
the Coal-measures and in 
other cases (as, for instance, 
in the well-known “dirt- 
bed ” of the Purbeck series). 
When, for example, we find 
the erect stumps of trees 
standing at right angles 
to the surrounding strata, 
we know that the surface 
through which these send 
their roots was at one time 
the surface of the dry land, 
or, in other words, was an 
ancient soil (fig. 19). 

In many cases fossils en- 
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of the period in which they 
lived, but only a few in- 
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It is also imnnrH f ^^ese are comparatively rare as fossils, 
tis also important to remember that all conclusions on this 
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head are really based upon the present distribution of animal 
and vegetable life on the globe, and are therefore liable to be 
vitiated by the following considerations : — 

Most fossils are extinct, and it is not certain that the 
habits and requirements of any extinct animal were exactly 
similar to those of its nearest living relative. 

b. When we get very far back in time, we meet with groups 
of organisms so unlike anything we know at the present day as 
to render all conjectures as to climate founded upon their sup- 
posed habits more or less uncertain and unsafe. 

c. In the case of marine animals, we are as yet very far from 

novving the exact limits of distribution of many species within 

our present seas ; so that conclusions drawn from livino- forms 
as to extinct species are apt to prove incorrect. For imstance 
It has recently been shown that many shells formerly believed 
to be confined to the Arctic Seas have, by reason of the ex- 
tension of Polar currents, a wide range to the south ; and this 
has thrown doubt upon the conclusions drawn from fossil 
shells as to the Arctic conditions under which certain beds 
were supposed to have been deposited. 

d. 7 he distribution of animals at the present day is certainly 
dependent upon other conditions beside climate alone • and 
the causes which now limit the range of given animal's are 
certainly such as belong to the existing order of things. But 
the establishment of the present order of things does not date 
back in many cases to the introduction of the present species 
of miimals. Even in the case, therefore, of existing species of 
amnnils, it can often be shown that the past distribution of the 
species was different formerly to what it is now, not necessarily 
because the climate has changed, but because of the alteration 
of other conditions essential to the life of the species or con- 
ducing to its extension. 

Still, we are in many cases able to draw completely reliable 
conclusions as to the climate of a given geological period by 
an examination of the fossils belonging to that period. Among 
the more striking examples of how the past climate of a region 
may be deduced from the study of the organic remains con- 
tained in Its rocks, the following maybe mentioned: It has 
een slmwn that in Eocene times, or at the commencement 
ot the tertiary period, the climate of what is now Western 
Europe was of a tropical or sub-tropical character. Thus the 
Eocene beds are found to contain the remains of shells such 
as now inhabit tropical seas, as, for example, Cowries and 
V olutes j and with these are the fruits of palms, and the 
temaiiis of other tropical plants. It ha§ been shown, again. 
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that in Miocene times, or about the middle of the_ Tertiary 
period, Central Europe was peopled with a luxuriant flora 
resembling that of the warmer parts of the United States, and 
leading to the conclusion that the mean annual temperature 
must have been at least 30° hotter than it is at present. _ It 
has been shown that, at the same time, Greenland, now buried 
beneath a vast ice-shroud, was warm enough to support a large 
number of trees, shrubs, and other plants, such as inhabit the 
temperate regions of the globe. Lastly, it has been shown, 
upon physical as well as palaeontological evidence, that the 
greater part of the North Temperate Zone, at a comparatively 
recent geological period, has been visited with all the rigours 
of an Arctic climate, resembling that of Greenland at the pre- 
sent day. This is indicated by the occurrence of Arctic shells 
in the superficial deposits of this period, whilst the Musk-ox 
and the Reindeer roamed far south of their present limits. 

Lastly, it was from the study of fossils that geologists learnt 
originally to comprehend a fact which may be regarded as of 
cardinal importance in all modern geological theories and 
speculations — namely, that the crust of the earth is liable to 
local elevations and subsidences. For long after the remains 
of shells and other marine animals were for the first time ob- 
served in the solid rocks forming the dry land, and at great 
heights above the sea-level, attempts were made to explain this 
almost unintelligible phenomenon upon the hypothesis that 
the fossils in question were not really the objects they repre- 
sented, but were in truth mere lusus naturce^ due to some 
‘‘plastic virtue latent in the earth.” The common-sense of 
scientific men, however, soon rejected this idea, and it was 
agreed^ by universal consent that these bodies really were the 
remains of animals which formerly lived in the sea. When 
once this was admitted, the further steps were comparatively 
easy, and at the present day no geological doctrine stands on 
a firmer basis than that which teaches us that our present con- 
tinents and islands, fixed and immovable as they appear, have 
been repeatedly sunk beneath the ocean. 
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CHAPTER VI. 

THE BIOLOGICAL RELATIONS OF FOSSILS. 

Not only have fossils, as we have seen, a most important 
bearing- upon the sciences of Geology and Physical Geography, 
but they have relations of the most complicated and weighty 
character with the numerous problems connected with the 
study of living beings, or in other words, with the science of 
Biology. To such an extent is this the case, that no adecpiate 
comprehension of Zoology and Botany, in their modern 
form, is so much as possible without some acquaintance with 
the types of animals and plants which have passed away. 
There are also numerous speculative questions in the domain 
of vital science, which, if soluble at all, can only hope to find 
their key in researches carried out on extinct organisms. To 
discuss fully the biological relations of fossils would, there- 
fore, afford matter for a separate treatise ; and all that can be 
done here is to indicate very cursorily the principal points to 
which the attention of the palteontological student ought to 
be directed. 

In the first place, the great majority of fossil animals and 
plants are “ extinct ’’—that is to say, they belong to species 
which are no longer in existence at the present day. So far, 
however, from there being any truth in the old view that there 
were periodic destructions of all the living beings in existence 
upon the earth, followed by a corresponding number of new 
creations of animals and plants, the actual facts of the case show 
that the extinction of old forms and the introduction of new 
forms have been processes constantly going on throughout the 
whole of geological time. Every species seems to come into 
being at a certain definite point of time, and to finally dis- 
appear at another definite point; though there are few in- 
stances indeed, if there are any, in which our present know- 
ledge would permit us safely to fix with precision the times of 
entrance and exit. There are, moreover, marked differences 
in the actual time during which different species remained in 
existence, and therefore corresponding differences in their 
“vertical range,” or, in other words, in the actual amount and 
thickness of strata through which they present themselves as 
fossils. Some species are found to range through two or even 
three formations, and a few have an even rnore extended life. 
More commonly the species which begin in the commence- 
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ment of a great formation die out at or before its close, whilst 
those which are introduced for the first time near the middle 
or end of the formation may either become extinct, or may 
pass 011^ into the^ next succeeding formation. As a general 
111 e, It is the animals which have the lowest and simplest 
organisation that have the longest range in time, and the 
additional possession of microscopic or minute dimensions 
seems also to favour longevity. Thus some of the Forami- 
nifera appear to have survived, with little or no perceptible 
alteration, from the Silurian period to the present day ; whereas 
urge and highly-organised animals, though long-lived as hidi- 
viduals, rarely seem to live long specifically, and have, there- 
jore, usually a restricted vertical range. Exceptions to this, 
lowevp-, are occasionally to be found in some ‘‘persistent 
ypes, which extend through a succession of geological 
periods with very little modification. Thus the existing 
ampshells of the genus Lingula are little changed from the 
ingnlee which swarmed in the Lower Silurian seas ; and the 
existing Pearly Nautilus is the last descendant of a clan 
neaily as ancient. On the other hand, some forms are singu- 
arly restricted in their limits, and seem to have enjoyed a 
compaiatiyely brief lease of life. An example of this is to 
be round yn many of the Ammonites — close allies of the Nau- 
tilus— which are often confined strictly to certain zones of 
strata, in some cases of very insignificant thickness. 

Of the causes extinction amongst fossil animals and 
plants, we know little ot nothing. All we can say is, that the 
which constitute z. species do not seem to be intrin- 
sically endowed vyith permanence, any more than the attri- 
u es w ich constitute an individual, though the former may 
endure whilst many successive generations of the latter have 
isappeared. Each species appears to have its own life- 
period, Its commencement, its culmination, and its gradual 
d^ff^mn^d c t^ ii^*^‘P 6 riods of different species may be of very 

Erorn what has been said above, it may be gathered that 
animals and ]plants are, for the most 
modern origin, using the term “modern ” in its 
acceptation. Measured by human standards, the 
animals (which are capable of being 

?J^d ^ antiquity ; 

can boast of a pedigree which even the 
fish ^ respect. Not a few of our shell- 

Doint oAhTr. ? ^pmnced their existence at some 
r larjr period; one Lampshell {Terebratulina 
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capiit-s&rpentis) is believed to have survived since the Chalk; 
and some of t\\t Forammifera date, at any rate, from the 
Carboniferous period. We learn from this the additional 
tact tliat our existing animals and plants do not constitute an 
assemblage of organic forms which were introduced into the 
world collectively and simultaneously, but that they com- 
menced their existence at very different periods, some beino- 
extremely old, whilst others may be regarded as comijain- 
tively recent animals. And this introduction of the existino- 
launa and flora was a slow and gradual process, as shown 
admirably by the study of the fossil shells of the Tertiary 
period. Thus, in the earlier Tertiary period, \ve find about 
95 cent of the known fossil shells to be species that are 
no longer in existence, the remaining 5 per cent beina 
loims which are known to live in our present seas. In the 
middle of the Tertiary period we find many more recent 
and still existing species of shells, and the extinct types are 
much fewer in number ; and this gradual introduction of 
forms now living goes on steadily, till, at the close of the Ter- 
tiary period, the proportions with which we started may be 
reversed, as many as 90 or 95 per cent of the fossil shells 
being forms still alive, while not more than 5 per cent mav 
have disappeared. ^ 

All known anirnals at the present day may be divided into 
some five or six primary divisions, which are known technically 
as sub-Jmigdoms. Each of these sub-kingdoms ^ may be 
regarded as representing a certain type or plan of structure 
and ail the animals comprised in each are merely modified forms 
of this common type. Not only are all known living animals 
thus reducible to some five or six fundamental plans of struc- 
ture, but amongst the vast series of fossil forms no one has 
yet been found-— however unlike any existing animal — to 
possess peculiarities which would entitle it to be placed in a 
new sub-kingdom. All fossil animals, therefore, are capable 
of being referred to one or other of the primary divisions of 
the animal kingdom. Many fossil groups have no closely- 
related group now in existence ; but in no case do we meet 
with any grand structural type which has not survived to the 
present day. 

The old types of life differ in many respects from those now 
upon the earth ; and the further back we pass in time, the 
more marked does this divergence become. Thins, if we were 
to compare the animals which lived in the Silurian seas with 


* In the Appendix a brief definition is given of the 
the chief divisions of each are ernimerated. 
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those inhabiting our present oceans, we should in most in- 
stances find differences so great as almost to place us in 
another world. .This divergence is the most marked in the 
Palieo zoic forms of life, less so in those of the Mesozoic period, 
and less still in the Tertiary period. Each successive formation 
has therefore presented us with animals becoming gradually 
more and more like those now in existence ; and though there 
is an immense and striking difference between the Silurian 
animals and those of to-day, this difference is greatly reduced 
if \ye compare the Silurian fauna with the Devonian ; i/ia^ 
again with the Carboniferous ; and so on till we reach the 
present. 

It follows from the above that the animals of any given 
formation are more like those of the next formation below, 
and of the next formation above, than they are to any others; 
and this fact of itself is an almost inexplicable one, unless we 
believe that the animals of any given formation are, in part at 
any rate, the lineal descendants of the animals of the preced- 
ing formation, and the progenitors, also in part at least, of tlie 
animals of the succeeding formation. In fact, the palteon- 
tologist ts so commonly confronted with the phenomenon of 
closely-allied forms of animal life succeeding one another in 
point of time, that he is compelled to believe that such forms 
^have been developed from some common ancestral type by 
some process of evolution.'' On the other hand, there are 
inany phenomena, such as the apparently sudden introduction 
of new forms throughout all past time, and the common occur- 
rence of wholly isolated types, which cannot be explained in 
this way. Whilst it seems certain, therefore, that many of the 
phenomena ot the succession of animal life in past periods can 
only be explained by some law of evolution, it seems at the 
same time certain that there has always been some other 
deeper and higher law at work, on the nature of which it 
would be futile to speculate at present. 

Not only do we find that the animals of each successive 
ormation become gradually more and more like those now 
existing upon the globe, as we pass from the older rocks into 
le newer, but we also find that there has been a gradual pro- 
gression mid development in the types of animal life which 
c aracterise the geological ages. If we take the earliest-known 
and oldest examples of any given group of animals, it can 
ome imes be shonm that these primitive forms, though in 
emse \ es ighly organised, possessed certain characters such 
as are now on^ seen in young of their existing representa- 
ves. n technical language, the early forms of life in some 
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instances possess embryonic^'' Characters, though this does 
not prevent them often attaining a size much more gigantic 
than their nearest living relatives. Moreover, the ancient 
forms ot life are often what is called “ comprehensive types ” 
that is to say, ■ they possess characters in combination such 
as we nowadays only find separately developed in different 
groups of animals. Now, this permanent retention of embry- 
onic characters and this “comprehensiveness” of structural 
type are signs of what a zoologist considers to be a compara- 
tively low grade of organisation ; and the prevalence of these 
features in the earlier forms of animals is a very striking phe- 
nomenon, though they are none the less perfectly organised so 
far as their own type is concerned. As we pass upwards in 
the geological scale, we find that these features gradually dis- 
appear higher and ever higher forms are introduced, and 
specialisation ” of type takes the place of the former com- 
prehensiveness.^ We shall have occasion to notice many of 
the facts on which these views are based at a later period and 
m comection with actual examples. In the meanwhile’ it is 
suihcient to state, as a widely-accepted generalisation of palm- 
ontology, that there has been in the past a general progression 
of organic types, and that the appearance of the lower forms 
of life has in the mam preceded that of the higher forms in 
point of time. 
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HISTORICAL PALAEONTOLOGY. 



PART IL 


CHAPTER VII. 

THE LAURENTIAN AND HURONIAN PERIODS. 

The Laui'ctituin Rocks constitute the base of the entire stmti- 
fied series, and are, therefore, tire oldest seclinienls of wliidi 
we have as yet any knowledge. They are more largely and 
more typically_ developed in North America,, and especially in 
Canada, than in any known part of the world, and they derive 
theii title from the range of hills which the old French geo- 
graphers named the “Laiirentides.” These hills are com- 
posed of Lauren turn Rocks, and form the watershed between 
the valley of the St Lawrence river on the one hand, and tlie 
great plains winch stretch northwards to Hudson Bay on the 
other hand. I he main area of these ancient deposits forans 
a great belt of rugged and undulating country, which extends 
from Labrador westwards to Lake Superior, and then bends 
northwards towards the Arctic Sea. Throughout this extensive 
ai ea the Lainentian Rocks for the most part present themselves 
in the form of low, roimded, ice-worn hills, which, if generally 
wantiiig in actual sublimity, have a certain geological grandeur 
from the fact that they “have endured the battles and the storms 
of time longer’ than any other mountains (Dawson). In some 
places, however, the Laurentian Rocks produce scenery of the 
most magnificent character, as in the great gorge cut through 
them by the river Saguenay, where they rise at times into ver- 
tical i)recipmes 1500 feet in height. In the famous group of 
the Adirondack mountains, also, in the state of New York, 
they form elevations no less than 6000 feet above the level of 
the sea. As a general rule, the character of the Laurentian 
region is that of a rugged, rocky, rolling country, often densely 
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timbered, but rarely well fitted for agriculture, and chiefly 
attractive to the hunter and the miner. 

As regards its mineral characters, the Laurentian series is 
composed throughout of metamorphic and highly crystalline 
rocks, which are in a high degree crumpled, folded, and 
faulted. By the late Sir William Logan the entire series was 
divided into two great groups, the Lower Laurentian and the 
Upper Laurentian, of which the latter rests unconformably 
upon the truncated edges of the former, and is in turn uncon- 
formably overlaid by strata of Huronian and Cambrian age 
(fig. 20). 

Lower Laurentian series attains the enormous thickness of 



Fig. 20.— Diagrammatic section of the Laurentian Rocks in I.ower Canada, a Lovver 
murentian h Upper Laurentian, resting unconformably upon the lower scries : c Cam- 
bnan strata (Potsdam Sandstone), resting unconformably 011 the Upper Laiirrentian 


over 20,000 feet, and is composed mainly of great beds of gnei.ss, 
altered sandstones (quartzites), mica-schist, hornblende-schist’ 
magnetic iron-ore, and htematite, together with masses of lime- 
stone. The limestones are especially interesting, and have an 
e.Ktrao_rdinary development— three principal beds being known 
of which one is not less than 1500 feet thick; the collective 
thickness of the whole being about 3500 feet. 

The Upper Laurentian series, as before said, reposes uncon- 
formably upon the Lower Laurentian, and attains a thickness 
of at least 10,000 feet. Like the preceding, it is wholly meta- 
morphic, and IS composed partly of masses of gneiss and quartz- 
ite, but it is especially distinguished by the possession of great 
beds of felspathic rock, consisting principally of “Labrador 
icisp3,r. 


Though typically developed in the great Canadian area 
already spoken of, the Laurentian Rocks occur in other locali- 

Britain, the 

so-called fundamental gneiss” of the Hebrides and of Suiher- 
landshiie is probably of Lower Laurentian age, and the “ hv- 
persthene rocks ” of the Isle of Skye may, with great nroba- 
1 ity, be regarded as referable to the Upper Laurentian In 

- St David^rsouth 
Wales, the Malvern Hills; and the North of Ireland) occur 
ancient metamorphic deposits which also are proMbly rat- 
able to the Laurentian series. The so-called “ prSrit ve gneiss” 
of Norway appears to belong to the LaurLtiar 1 e 
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ancient metaniori)liic rocks of Bohemia and ]ki,va,ria niay be 
regarded as being approximately of tlie same age. 

By some geological writers the ancient and higlily meta- 
morphosed sediments of the Lanrentian and the succeeding 
Iduronian series have been spoken of as the “Azoic rocks" 
(Gr. without ; soe, life ) ; but even if we were wholly destitute 
of any evidence of life during these periods, thi.s name would be 
objectionable ui)on theoretical grounds. If a general mime be 
needed, that of “ h'.ozoic " (Clr. cav, dawn; soe, life), projiosed 
by Principal Dawson, is the most appropriate. Owing to their 
metamorphic condition, geologists long dcspaii'ed of ever de- 
tecting any traces of life in the vast jiile of strata wliiidi con- 
stitute the Lanrentian System. Even before any direct traces 
were discovei-ed, it was, liowever, pointed out that there were 
good reasons for believing that the laiurentian seas Inul lieen 
tenanted by an alnindance of living beings. I'hese reasons 
are briefly as follows: — (i) Firstly, the Lanrentian series con- 
sists, beyond question, of marine sediments wliicli originally 
differed in no essential respect from tliose whii:h were subse- 
quently laid down in the Camlirian or Silurian periods, (2) 
In all formations later than the J.aurentian, any liuiestones 
which are present can be shown, with few exceptions, to be 
organic rocks, and to be more or less largely made rip of the 
comminuted deliris of marine or fresh-water animals, d'lio 
I^aurentian limestones, in consequence of tlie metamorphisin 
to which they have been subjected, are so highly cry.stallinc 
(fig. 21) that the microscope fails to detect any organic struc- 
ture in the rock, and no fos- 
sils beyond those which will 
bespoken of immediately have 
as yet been discovered in 
them. We know, however, of 
numerous cases in which lime- 
stones, of later age, and un- 
doubtedly organic to begin 
with, liave been rendered so 
intensely crystalline liy meta- 
morphic action that all traces 
of organic structure have been 
obliterated. We have there- 
fore, by analogy, the strongest 
possible ground for believing 
that the vast beds of Lauren- 
tian limestone have been ori- 
ginally organic in their origin, 
and primitively composed, in the main, of the calcareous skele- 



Fig. SI. — Section of Lower Lanrentian 
Limestone from Hull, Ottawa; enlurgcd 
five diametens. The rock is vary highly 
crystalline, and_ooutains mica and other 
mineraLs. The irregular lilack mas.seB in 
it are graphite. (Original.) 
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tons of marine animals. It would, in fact, be a matter of 
great difficulty to account for the formation of these great cal- 
careous masses on any other hypothesis. (3) The occurrence of 
phosphate of lime in the Laurentian Rocks in great abundance 
and sometimes in the form of irregular beds, may very possibly 
be connected with the former existence in the strata of the re- 
mains of marine animals of wliose skeleton this mineral is a con- 
stituent. (4) The Laurentian Rocks contain a vast amount of 
carbon in the form of black-lead or graphite. This mineral is 
especially abundant in the limestones, occurring in regular beds 
in veins or strings, or disseminated through the body of the lime- 
stone in the shape of crystals, scales, or irregular masses. The 
amount of graphite in some parts of the Lower Laurentian is 
so great that it has been calculated as equal to the quantity of 
carbon present in an equal thickness of the Coal-measures. 
The general source of solid carbon in the crust of the eartli 
is, however, plant-life ; and it seems impossible to account for 
the Laurentian graphite, except upon the supposition that it 
IS metamorphosed vegetable matter. (5) Lastly, the great 
beds of iron-ore (peroxide and magnetic oxide) which occur 
in the Laurentian series jnterstratified with the other rocks 
point with great probability to the action of vegetable life* 
since similar deposits in later formations can commonly be 
shown to have been formed by the deoxidising power of vege- 
table matter in a state of decay. “ 

In the words of Principal Dawson, ‘‘any one of these rea- 
sons might, in Itself, be held insufficient to prove so great and 
at first sight, unlikely a conclusion as that of the existence of 
abundant animal and vegetable life in the Laurentian : but the 
concurrence of the whole in a series of deposits unquestion- 
ably marine, forms a chain of evidence so powerful that it 
might command belief even if no fragment of any organic or 

c7enf rodS”^ structure had ever been recognised in these an- 
cient rocks. Of late years, however, there have been dis- 
covered in the Laurentian Rocks certain bodies which are 
believed to be truly the remains of animals, and of which by 
far the most important is the structure known under the now 
celebrated name_ of Eozoon. If truly organic, a very special 
and exceptional interest attaches itself to Eozoon, as b7ing the 
most ancient fossil animal of which we have any knowledge 
but there are some who regard it really a peculiar form^of 

Mntrovem stiH unfinished 

controversy has been earned on as to its nature Into tKR 

contrm'ersy it is wholly unnecessary to enter here * and it will 
explain the structure of Eozoon as eluci- 
ted by the elaborate and masterly investigations of Car- 
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oij^anism the balance of evidence up to tliis moment inriin 
mg decisively to this view. ^ moment im Iim- 

in dm localities 

sohted n jmestones of Canada, in the form of 

isolated masses oi sjH-eading layers, which are composed of 

ffig^ 22)^^^ ooncentrically 

( g. ). Ihe laininm of these masses are usually of tliffercnt 



rot^ercfTi^rr If 

series alternate with the preceding we aZ',f-°^ T '‘”“'“1 
are found by chemical analysis to conJst of som° °"t ‘'‘l'*’ 

?oTe‘tnI,S“hm:ev«.‘'lh “Ingante" 

or“dnTker- '®'‘ -^‘comiennencS 

to be S a mineS™i*\urft^^ 

blance to the undonhir>ri Vne n sdiking general resem- 
spoken 0? under 1 eti?e o subsequently 

Sir William I oa-m !i c ■ Sti omatoj>ora was recognised liy 

Dr W. B. Car ,lter Aftc a I to 

don, these two\h\Tinaui^hed oL microscopic e.xamina- 
thnt 7?Z " ^‘‘S'-mguished observers came to the conclusion 
that Mozoon was trii y or'mnic and in +1-..T ^ v • conclusion 
afterwards corrobontPrl ut i > , mis opinion they wmre 
Parker PrnSor P aiithorities (Mr W. K. 

Sd, &c r iZr’?/ ’^tady, Prefesst ■ 

hibited by til nfiadip^ths Ml" 
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The concentrically-laminated mass of Eozoon is composed 
of numerous calcareous layers, representing the original skele- 
ton of the organism (fig. 23, b). These calcareous layers serve 

to sepai'ate and de- 
fine a series of cham- 
bers arranged in suc- 
cessive tiers, one 
above the other (fig. 
23, A, B, C) \ and 
they are perforated 
not only by passages 
(fig. 23, c), which 
serve to place suc- 
cessive tiers of cham- 
bers in communica- 
tion, but also by a 
system of delicate 
branching canals (fig. 
23, d). Moreover, 
the central and prin- 
cipal portion of each 
calcareous layer, with 
the ramified canal- 
system just spoken 
of, is bounded both above and below by a thin lamina which has 
a structure of its own, and which maybe regarded as the proper 
shell-wall (fig. 23, a a). This proper wall forms the actual lin- 
ing of the chambers, as well as the outer surface of the whole 
mass; and it is perforated with numerous fine vertical tulres 
(fig. 24, a a), opening into the chambers and on to the sur- 
face by corresponding fine pores. From the resemblance of 
this tubulated layer to similar structures in the shell of the 
Nummulite, it is often spoken of as the “ Nuramuline layer.” 
The chambers are sometimes piled up one above the other in 
an irregular manner ; but they are more commonly arranged 
in regular tiers, the separate chambers being marked off from 
one another by projections of the wall in the form of parti- 
tions, which are so far imperfect as to allow of a free communi- 
cation between contiguous chambers. In the original condi- 
tion of the orgaiiism, all these chambers, of course, must have 
been filled with living matter; but they are found in the present 
state of the fossil to be generally filled with some silicate, such 
as serpentine, which not only fills the actual chambers, but has 
also penetrated the minute tubes of the proper wall and the 
branching canals of the intermediate skeleton. In some cases 



Fig. 23. — Di.-i^ram of .a jjortion of Eosoon cut verti- 
cally. A, B, C, Three tiers of chambers communicating 
with one another by slightly constricted apertures : a a, 
The true shell-wall, perforated by numerous delicate 
tubes; b h. The main calcareous skeleton ("intermedi- 
ate skeleton”): c. Passage of communication (“stolon- 
passage ”) from one tier of chambers to another ; d, Rami- 
fying tubes in the calcareous skeleton. (After Car- 
penter.) 
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the chambers are simply filled with crystalline carbonate of 
lime. When the originally porous fossil has been permeated 



'5'““'/'^ away the whole of the 
reamilul r-w, nfli leaving an accrate and 

Sln’thriLsoluWc^lSr connected with 

1 he above are the actual appearances presented by 

it remains to see how 

iai_ they enable us to decide upon its true position in 

s“MectKtai'i'n'^’!’““ i'"C'-csting 

W E rh 1 , ®'>®irahle memoirs by Dr 

Rp’r f" P^lb'^^^ter and Irincipal Dawson: it will lie enoiich 

Jraie s sl-detl^ praent day which pos.se.ss a continnous 
Snals I t hi • ’ perforated by pore.s and penetrated by 

Foraminifera^ to the group of the 

anh tR a n' ^ ^ occasion before to speak of these 

forms of‘ life“ hnly 

Fmanumfera are .all inhabitants of the sea, and arAmostlv of 
small or even microscopic dimensions. Thel beSes “e com- 
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posed of an aiDparently structureless animal substance of an 
albuminous nature (“ sarcode of a gelatinous consistence, 
transparent, and exhibiting numerous minute granules or 
rounded particles. The body-substance cannot be said in 
itself to possess any definite form, except in so far as it may 
be bounded by a shell ; but it has the power, wherever it may 
be exposed, of emitting long thread-like filaments (‘‘pseudo- 
podia ”), which interlace with one another to form a network 
(fig. 2 5,(5). These filaments can be thrown out at will, and. 



to considerable distances, and can be again retracted into the 
soft mass of the general body-substance, and they are the 
agents by which the animal obtains its food. The soft bodies 
of the Foraminifera are protected by a shell, which is usually 
calcareous, but may be composed of sand-grains cemented 
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together; and it may consist of a single chamber (fig. 26, a), 
or of many chambers arranged in difibrent ways (fig. 26, d/). 





large opening into it— the 

aperture that the animal pro- 
es the delicate net of filaments with which it seeks its 
lood. In other cases the entire shell is perforated with 
“ through which the soft body-substance 

gams the exterior, covering the whole shell with a gelatinous 

filaments can be emitted at 
thl^f -irp'-ni consists of many chambers, all of 

fif communication with one another, 

and the actual substance of the shell is often traversed by 

XwS The .7^1 Ca/mrma and 

J-yummulina). The shell, therefore, may be regarded, in such 

cases, as a more or less completely porous calcareous structure, 
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filled to its minutest internal recesses with the substance of the 
living animal, and covered externally with a layer of the same 
substance, giving off a network of interlacing filaments. 

Such, in brief, is the structure of the living Foi'aminifera ; 
and it is believed that in Eozoon we have an extinct example 
of the same group, not only of special interest from its imme- 
morial antiquity, but hardly less striking from its gigantic 
dimensions. In its original condition, the entire chamber- 
system of Eozoon is believed to have been filled with soft 
structureless living matter, which passed from chamber to 
chamber through the wide apertures connecting these cavities, 
and from tier to tier by means of the tubuli in the shell-wall and 
the branching canals in the intermediate skeleton. Through 
the perforated shell-wall covering the outer surface the soft 
body-substance flowed out, forming a gelatinous investment, 
from every point of which radiated an interlacing net of deli- 
cate filaments, providing nourishment for the entire colony. 
In its present state, as before said, all the cavities originally 
occupied by the body-substance have been filled with some 
mineral substance, generally with one of the silicates of mag- 
nesia] and it has been asserted that this fact militates strongly 
against the organic nature of Eozoon, if not absolutely dis- 
proving it. As a matter of fact, however — as previously no- 
ticed — it is by no means very uncommon at the present day 
to find the shells of living species of Foraminifera in which 
all the cavities primitively occupied by the body-substance, 
down to the minutest pores and canals, have been similarly 
injected by some analogous silicate, such as glauconite. 

Those, then, whose opinions on such a subject deservedly 
carry the greatest weight, are decisively of opinion that we are 
presented in the Eozoon of the Laurentian Rocks of Canada 
with an ancient, colossal, and in some respects abnormal type 
of the Foraminifera. In the words of Dr Carpenter, it is not 
pretended that “ the doctrine of the Foraminiferal nature of 
Eozoon can be proved in the demonstrative sense;” but it 
may be affimied “ that the convergence of a numher of separate 
and independent proiabilities, all accordant with that hypothesis, 
while a separate explanation must be invented for each of 
them on any other hypothesis, gives it that high probability 
on which we rest in the ordinary affairs of life, in the verdicts 
of juries, and in the interpretation of geological phenomena 
generally.” 

It only remains to be added, that whilst Eozoon is by jfar 
the most important organic body hitherto found in the Lauren- 
tian^ and has been here treated at proportionate length, other 
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traces of life have been detected, which may subsequently 
prove of great interest and importance. Thus, Principal 
Dawson has recently described under the name of Arcfmo- 
spharina^ certain singular rounded bodies which he has dis- 
covered in the Laurentian limestones, and which he believes 
to be casts of the shells of JPbraminifera possibly somewhat 
allied to the existing GlobigerincR. The same eminent paleon- 
tologist has also described undoubted worm -burrows from 
rocks probably of Laurentian age. Further and more extend- 
ed researches, we may reasonably hope, will probably bring 
to light other actual remains of organisms in these ancient 
deposits. 

The Huronian Period. 

The so-called Huronian Rocks, like the Laurentian, have 
their typical development in Canada, and derive their name 
from the fact that they occupy an extensive area on the borders 
of Lake Huron, They are wholly metamorphic, and consist 
principally of altered sandstones or quartzites, siliceous, fels- 
pathic, or talcose slates, conglomerates, and limestones. They 
are largely developed on the north shore of Lake Superior, 
and give rise to a broken and hilly country, very like that 
occupied by the Laurentians, with an abundance of timber, 
but rarely with sufficient soil of good quality for agricultural 
purposes. They are, however, largely intersected by mineral 
veins, containing silver, gold, and other metals, and they will 
ultimately doubtless yield a rich harvest to the miner. The 
Huronian Rocks have been identified, with greater or less 
certainty, in other parts of North America, and also in the 
Old World. 

The total thickness of the Huronian Rocks in Canada is 
estimated as being not less than 18,000 feet, but there is con- 
siderable doubt as to their precise geological position. In 
their typical area they rest unconformably on the edges of 
strata of Laurentian age ; but they have never been seen 
in direct contact with the Upper Laurentian, and their exact 
relations to this series are therefore doubtful. It is thus open 
to question whether the Huronian Rocks constitute a distinct 
formation, to be intercalated in point of time between the 
Laurentian and the Cambrian groups ; or whether, rather, they 
should not be considered as the metamorphosed representa- 
tives of the Lower Cambrian Rocks of other regions. 

_As regards the fossils of the Huronian Rocks, little can be 
said. Some of the specimens of Eozo ’on Canadense vPR^Pix hav© 
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been discovered in Canada are thought to come from rocks 
which are probably of Huronian age. In Bavaria, Dr Giimbel 
has desciibed a species of under the name of Eozoon 

Ecivcij'tcwH, fiom. certain metamorphic limestones which he 
refers to the Huronian formation. Lastly, the late Mr Billings 
desciibed, fiom rocks in Neivfoundland apparently referable to 
the Huronian, certain problematical limpet-shaped fossils, to 
which he gave the name of AsJ)idella. 
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CHAPTER VIII. 

THE CAMBRIAN PERIOD. 

The traces ©f life in the Laiirentian period, as we have seen, 
are but scanty ; but the Cambrian Rocks— called from their 
occurrence in North Wales and its borders (“ Cambria have 
yielded numerous remains of animals and some dubious plants. 
The Cambrian deposits have thus a special interest as being 
the oldest rocks in which occur any number of well-preserved 
and unquestionable organisms. We have here the remains of 
the first fauna., or assemblage of animals, of which we have at 
present knowledge. As regards their geographical distribu- 
tion, the Cambrian Rocks have been recognised in many parts 
of the world, but there is some question as to the precise limits 
of the formation, and we may consider that their most typical 
area is m South Wales, where they have been carefully worked 
out, chiefly by Dr Henry Hicks. In this region, in the neigh- 
bourhood of the promontory of St David’s, the Cambrian Rocks 
are largely developed, resting upon an ancient ridge of Pre- 
Cambnan (Laurentian?) strata, and overlaid by the lowest 
beds of the Lovver Silurian. The subjoined sketch-section 
(fig. 27) exhibits in a general manner the succession of strata 
in this locality. 

. From this section it will be seen that the Cambrian 
Rocks in Wales are divided in the first place into a lower and 
an upper group. The Lower Camhilan is constituted at the 
base by a_ great series of grits, sandstones, conglomerates, and 
slates, which are known as the Longmynd group,” from their 
vast development in the Longmynd Hills in Shropshire, and 
which attain in North Wales a thickness of 8000 feet or more. 
The Longmynd, beds are succeeded by the so-called “ Mene- 
vian group,” a series of sandstones, flags, and grits, about 600 
feet_ in thickness, and containing a considerable number of 
fossils. The Upper Cambrian series consists in its lower por- 
tion of nearly 5000 feet of strata, principally shaly and slaty, 
which are known as the “Lingula Flags,” from the great 
abundance in them of a shell referable to the genus Lingula. 
These are followed by 1000 feet of dark shales and flaggy 
sandstones, which are known as the “Tfemadoc slates,” from 
their occurrence near Tremadoc in North Wales; and these 
in turn are surmounted, apparently quite conformably, by the 
basement beds of the Lower Silurian. 

r ’ 
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Generalised Section of the Cambrian Rocks in Wales. 

Fig. 27. 

Arenig Group (Base of the 
Lower Silurian). 

I Treimdoc Slates. 

Upper Lingula Blags. 

— Middle Lingula Blags. 

■“*“ Lower Lingula Blags. 
Menevian Group. 



V — ... Longm}Tid or Harlech Group. 


Bre-Cambrian Rocks, 


Cambrian RoSn a toSI of th« 

age are taown k bat strata of Cambriaa 

poLible only 

lcandin\roocU“;ld\Xd serT:^ / 

posrts, representing both the a:r;fe "pTrl’s"^^^^ 


the CAMBRIAN PERIOD, >jg 

Lower Cambrian is only iinnerfpr>tl°^^i^ Ameiica, whilst the 
sented by the Hiiroin^of ^ ^'‘^'Pre- 

a wide extension, con n ni formation has 

analogous strata in F m i . to the 

stone" Tiie^i; Sand- 

brian Rocks are develoiDed ancTtR-ir^' alnef areas wliere Cam- 
'-^cveiopeci, and their general equivalency: 

Tabular View ok the Cambrian Formation. 
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yonema schists of 
Sweden. 

Longmynd Beds, i 

<5. Llanberis Slates. 

j A Harlecli Grits. 

< d Oldlitiniia Slates 
of Ireland. 

A Conglomerates and 
Sandstones of 
Sutherland, shire ? 
f. Meneviaii Bods. 1 

a. Fucoidal Sand- 
stone of Sweden. 

b. Jiophyton Sand- 
.stone of Sweden. 


n. Potsdam 
.SaudsUinc. 
i>. Acadian 
«'i'onp of New 
Jtnmswiclc. 


Ilnronian 
Formation ? 


seU".7.F.s;;FF“^ 

usually found in the heart of mminV^- ‘^”V*P>ity, they are 
undergone great disturbance, and W Vce,f S 

“»rCd^HSi”r4?zs 

ties, largely covS«l b? h ,!;l P 'F 

of sublimity. In otlier cLe li„’ ' n ^ elements 

rugged nrohrbL gwS by TF'd -d 

the Cambrian Rocks are h mterrat f nnlv f®',l ^"''‘'®*™ny, 

HgM““bSfoi twf;/ ™ d-i“S"froS 

bnan fcrmation is essentially .omi'pSd" U ^rabous^aTd 


8o 


HISTORICAL PALEONTOLOGY. 


miukly sediments, the ktter being sometimes red, but more 
commonly nearly black in colour. It has often been supposed 
that the Cambrians are a deep-sea deposit, and that we may 
thus account for the few fossils contained in them; but the 
paucity of fossils is to a large extent imaginary, and some of 
the Lower Cambrian beds of the Longmynd Hills would ap- 
pear to have been laid down in shallow water, as they exhibit 
lain-prints, sun-cracks, and ripple-marks — incontrovertible evi- 
dence of their having been a shore-deposit. The occurrence 
of innumerable worm-tracks and burrows in many Cambrian 
strata IS also a proof of shallow-water conditions ; and the gen- 
eral absence of limestones, coupled with the coarse mechani- 
cal nature of many of the sediments of the Lower Cambrian, 
may be taken as pointing in the same direction. 

The of the Cambrian, though not so rich as in the suc- 
ceeding bilunan period, nevertheless consists of reiiresenta- 
tives of most of the great classes of invertebrate animals. The 
coarse sandy deposits of the formation, which abound more 
particularly towards its lower part, naturally are to a larae 
extent barren of fossils ; but the muddy sediments, when not 
too highly cleaved, and e -pecially towards the summit of the 
group are replete with organic remains. This is also the case, in 
many localities at any rate, with the finer beds of the Potsdam 
bandstone in America. Limestones are known to occur in 
only a few areas (chiefly m America), and this may account for 

Ina absence of corals. It is, however, interest- 

ing to note that, with this exception, almost all the other lead- 
ing groups of Invertebrates are known to have come into 
existence during the Cambrian period. 

land - surfaces of the Cambrian period we know 
nothing surprising in the fact 
tn acquaintance with the Cambrian vegetation is confined 
o sone marine plants or sea-weeds, often of a very obscure and 

“Fucoidal Sandstone” of Sweden, 
? Potsdam Sandstone ” of North America, have both 
i-emains which have been regarded as mark- 
1 these are highly enig- 
tA Ka characters, and ivoiild, in many instances, seem 

wnrnt to the tracks and burrows of marine 

Sed i-J .^^^t-mentioned of these formations has also 
Wn Ua n striated stems which have 

land-plant under the name of 
hMa^a • be said, however, that the vege- 

Soved Tp satisfactorily 

proved. Lastly, there are foimd in certain green and purple 



Fig. 28. Fragment of EffjiAyi 6 )i. Linneanum, a .supposed land-plant, Lower 
Lambrian, Sweden, of the natural size. 

name of Oldhamia, but the true nature of which is very doubtful 
I he commonest form of Oldhamia (fig. 29) consists of a 
tiiread-like stem or axis, from whiclr spring at regular intervals 
Imndles of short filamentous branches in a fan-like manner, 
in the locality where it occurs, the fronds of Oldhamia are very 
ahmidant, and are spread over the surfaces of the strata in 
angled layers, lhat it is organic is certain, and that it is a 
calcareous sea-weed is probable ; but it may possibly belong to 
me sea-mosses {Folyzoa), or to the sea-firs \Sertularians). 

Amongst the lower forms of animal life {Froiozoa), we find 
i represented by the curious bodies, composed 
netted fibres, to which the name of Frotospan^a has been 
^)> comparatively gigantic, conical, or 
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I OWiamia a,t- 

limd Wicklov., Ire- 

i.uiu, Q. the natural size. (After Salter) 


Sbte I'thirto 

Jit ciciiei to the Foraniimfera or to the Sponges. The 
almost total absence of lime- 
stones in the formation may 
be regarded as a sufficient ex- 
planation of the fact that the 
Foraminifera are not more 
largely and unequivocally re- 
presented y though the exist- 
ence of greensands in the 
Cambiian beds of Wisconsin 
and Tennessee may be taken 
as an indication that this class 
of animals was by no means 
wholly wanting. The same 
fact may explain the total ab- 
sence of corals, so far as at 
present known, 

1 he group of the Echinoder- 
mata (Sea-lilies, Sea-urchins, 
and their allies) is represented 
cipally of interest aq are prin- 

class. It is also worthvVf examples of the 

group which subsequently^ 'f of a 

are referable to no ffiss thin geological importance, 

or Sea-lilie.s remesemp^ distinct .;7f.r.-the Crinoids 
Cystideans by ^ ^ Fcndrocrinus ; the 

and some other forms by Palaste7'ma 

fc " '•“ I ««« "11 "1 

ill the Cambrian seas ‘Rpino- a?’ swarmed 

actual worms themselves in rf ^e do not find the 

nevertheless, abundant traces h 

cases we find vertinl r existence. In some 

expanded towards their aDertureq^"^^^^^? ^^opdi, often 

have actually lived (fia oq? .c ^ 

sent day. In these casi^’tS IT"'" pre- 

more or less permanent bv rerp”^’^ rendered 

perhaps a genuine memhrfnm ^ coating of mucus, or 

the animal, and it mav be fm a ^^cietion, from the body of 
a cast of sand or nuid Of this empty, or occupied by 
have been describe undeffteC ^W? ‘I’" 

and probably the tt WCambS^' 
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of Ireland. In other cases, as in Aremcolites (% qa'/J) the 
worm seems to have inhabited a double burrow, shaped like 



m placed close together 

on the suiface of the stratum. Thousands of thpc:p“tw;ln- 

burrows oixur in some of the strata of the Longmviid and it 
IS supposed that the worm used one opening to d“ burrow as 

c“ :rs: ^ onf o^exh.^inZ 

thf wofm draL® meandering trails caused by 

and it f ^L! 11®'"' commoner in the Silurian Rocks, 
ana It IS gen ei ally more or less doubtful whether thev mnv 
not have been caused by other marine animals such as^shelf 

dfUlh the *?'" ’,>=‘''C,c«tainIy nothing whatever to 

twhil ivC 'Ti '’c* cftc" show 

^Willing cylindrical bodies, commonly more or less matted 

together, and not confined to the surfaces of the strata but 

thTrllh Is'of been rejr^ 

reLsent cn.tf f more probable that they 

S S. to ^ undeip-ound bim-ows of worms of simh 
(Sy! ^ to the common lob-worm of the present 

numerously represented in the 
but exclusively by the class of Crusfaceam. 
Some pf these are little double-shelled creatures, resembling 
water-fleas {Ostracoda). A few are larger forms, and 
? ■ f existing brine-shrimps and 

fa {Phyllo^oda), One of the most characteristic of 
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3=“^." u^toof 

"fT.’ 'S.‘“ ?hes?Xt' 

literally swarmed in the seas of animals must have 

the whole of the succeeXg V U 
greatly diminished numbers tih ^ ^ survived in 

Carboniferous period. Thev di^rl rv f portion of the 

the close of the PaImo 7 niV^prt Jowever, wholly before 

ceans at the ^esmfdaT 

direct representatives. Thev have hn as their 

a more or less intimate cliameier ’ Relationships of 

the Phyllopods, the Kina-crak 

(‘‘SIaters/MYooddice,c4^) 

mentioned order, namelv the W oiember of the last- 
Pas been regarded as tfe neaferf K of Patagonia, 

Be this as it may, the Trilobites nn^”^ ^ J Trilobites. 
though capable of undergoing alninq^^^^m ^ which, 

wonderfully constant in its Stto of f ^^nations, was 
briefly describe here the chief fSm-efofihr’'"’ ™ 

The upper surface of the bodv nf ! m -T 
by a strong sliell or ‘‘ crust ” uSlv^hn^"' defended 

OUS in its composition. This sheh calcare- 

a very distinct “ trilobation ” nr h; ■■' generally exhibits 
lobes, one central and two 
important and more fundamental d 

portions, which are so looselv mn transverse 

very commonly to Te S seTiSf ' - 

anterior of these divisions ^^nd most 

the head j the second or middle nortin°^ buckler which covers 
able rings covering the trunk <“ composed of mov- 

shield which covers the tail or a 

(^g- 3ij <?) is generally more or less cp head-shield 

Its central portion, covering the stoSoT; and 
ally strongly elevated, and^eneralW mn l ^ ^su- 

A little on each side of the head^nr furrows, 

are generally crescentic in shape and^ 
insects and many existing Cniqi-pr-A • ^^®®uible the eyes of 
or made up of numeroi sTmnW "compound;' 

So excellent is the state of presemtion' ‘°Sether. 
Trilobites, that the numerLs iTd * °5 ^ specimens of 
have been uninjured, and as lenses of the eyes 

counted m each eye of some forms have been 

PP7®^ upon prominences but tfif^i ’ be sup- 

able stalks (ai,heyare S-th;e*slninT ™ “<>v- 

existing lobsters and crabs); and 
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m some of the Cambrian Trilobites, such as the little Aenosiz 
( S- 3 1 g), the animal was blind. The lateral portions of the 




soce^/ilhis in size; I, Elli^- 

are from the Upper Cambrian of “ "'gether wi& 

of DikeUocephalus Celticus from the T ino-nln ^ Head-shield 


anetSnfl:''''^ usually separated from the central portion by 
Lrh if of division (the so-called “facial suture”) on 
snSet ^ 1 wanting in some of the Cambdan 

Xn f / backward angles of the head-shield, also, are 

1 ^ spines, which sometimes reach a great 

of tChnT ^"^d-^bield behind, we have a portion 

rinlff J f of movable segments or “body- 

nngs, and which is technically called the “ thorax ” Ordi- 
nariJy this region is strongly trilobed, and each ring consists of 
^ central convex portion, and of two flatter side-lobes. The 
umber of body-rings in the thorax is very variable (from two 
+1 but IS fixed for the adult forms of each group of 

the Trilobites. The young forms have much fewer rings than 
me full-grown ones j and it is curious to flnd that the Can?- 
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biiaii Tiilobites veiy commonly have either a great many rings 
(as in JParadoxides^ fig.^ 3 1, d), or else very few (as in Agnostus, 
“S- 3L s)- 111 some instances, the body-rings do not seem to 

lave been so constructed as to allow of much movement, but 
111 other cases this region of the body is so flexible that the 
animal possessed the power of rolling itself up completely, like 
a hedgehog ; and many individuals have been permanently 
preseived as fossils in this defensive condition. Finally, the 
body of the Trilobite was completed by a tail-shield (techni- 
cally ternied the “pygidium”), which varies much in size and 
loim, and is composed of a greater or less number of rings, 
simiiai to those which form the thorax, but immovably amalga- 
mated with one another (fig. 31, h). 

The under surfiice of the body in the Trilobites appears to 
entirely destitute of hard structures, 
with the exception of a well-developed upper lip, in the form 
ot a plate attached to the inferior side of the head-shield in 
ront There is no reason to doubt that the animal possessed 
legs, but these structures seem to have resembled tliose of 
many living Crustaceans in being quite soft and membranous. 

1 his, at any rate, seems to have been generally the case: 
though structures which have been regarded as legs have been 
detected on the under surface of one of the larger species of 
, . There is also, at present, no direct evidence that 

the Trilobitps possessed the two pairs of jointed feelers (‘‘an- 
characteristic of recent Crustaceans, 
the Inlobites vary much in size, and the Cambrian forma- 
tion presents examples of both the largest and the smallest 
members of the order. Some of the young forms maybe little 
bigger than a millet-seed, and some adult examples of the 
smaller species (such as Agnostus) may be only a few lines in 
length ; whilst such giants of the order as Paradoxides and 
Asaphus may reach a length of from one to two feet. Tndgina: 
from what we actually know as to the structure of the Trilo- 
_ites, and also from analogous recent foinns, it would seem that 
these ancient Crustaceans were mud-haunting creatures, deni- 
affecting the soft silt of the bottom 
Whenever muddy sedi- 
ments are found m the Cambrian and Silurian formations, 
frrere we are to erably sure to find Trilobites, though they are 
by no means absolutely wanting in limestones. They appear 

T “’I o>- burrowed in the 

Lri 'f ^ ^ surface directed downwards - 

It IS probable that they really derived their nutriment froin 
the organiQ matter contamed in the ooze amongst which they 
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to have occupied the central lobe 
0 the skeleton, by which they were protected ; and a series of 
delicate leaf- ike paddles, which probably served as respiratory 
oigans, would appear to have been carried on the undersurface 
of the thorax. That tliey had their enemies may be regarded 
as certain; but we have no evidence that they were furnislied 
with any oftensiye weapons, or, indeed, with any means of 
defence beyond their hard crust, and the power, possessed by 
so many of them, of rolling themselves into a ball. An addi- 
tional proof of the fact that they for the most part crawled 
ong the sea-bottom is found in the occurrence of tracks and 
markings of various kinds, which can hardly be ascribed to 
any other creatures with any show of probability. That this 
IS the true nature of soine of the markings in question cannot 
be doubted at all ; and in other cases no explanation so pro- 
bable has yet been suggested. If, however, the tracks which 
have been described from the Potsdam Sandstone of North 
America under the name of Protichniies are really due to the 
peregrinations of some Trilobite, they must have been pro- 
duced by one of the largest examples of the order. 

As already said, the Cambrian Rocks are very rich in the 
remains of Trilobites. " In the lowest beds of the series (Long- 
mynd Rocks), representatives of some half-dozen genera have 
now been detected including the A gnostus the giant 

Paiaaoxtdes.^ In the higher beds, the number both of genera 
and species is largely increased ; and from the great compara- 
tive abundance of individuals, the Trilobites have every right 
to be considered as the most characteristic fossils of the Cam- 
brian period, the more so as the Cambrian species belong to 
peculiar types, which, for the most part, died out before the 
commencement of the Silurian epoch. 

All the remaining Cambrian fossils which demand any notice 
here are members of one or other division of the great class 
of the Mollusca^ or “ Shell-fish ” properly so called. In tlie 
Lower Cambrian Rocks the Lamp-shells {BrachioAoda) are the 
principal or sole representatives of the class, and appear chiefly 
in three interesting and important types — Zmgtdella, 
■Discina, and Obolella. Of these the last (fig. 32, i) is highly 
characteristic of these ancient deposits ; whilst JDisana is one 
of those remarkable persistent types which, commencing at 
this early period, has continued to be represented by varying 
foims through all the intervening geological formations up to 
the present day. Lingiildla (fig. 32, c \ again, is- closely allied 
to the existing “ Goose-bill ” Lamp-shell ^Bzngula anatina), and 
thus presents us with another example of an extremely long- 
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lived type. The LtnguMes and their successors, the Lingiilce 
aie singular in possessing a shell which is of a horny texture 
and contains but a small proportion of calcareous matter. In 
the Upper Cambrian Rocks, the become much more 

abundant, the broad satchel - shaped species known as L. 
Dayisii (lig.^ 32, e)^ being so abundant that one of the great 
divisions ol the Cambrian is termed the ‘Udngula Flags.” 
Here, also, we meet for the first time with examples of the 
genus Oi ihis (fig. characteristic Palaeozoic type of 



r/jSfciv Possils ; n, P}-oiosfo7tgia/e7iestraia,M.e.xi&Vi?inGT0W I Armi- 

au,y, r^xienor or tiift same ; a’, Menevian ; Cast of fhe 

Oknn, mic-nirus, Lingula Flags. (Alter Salter, Hicks, and Davidson ) ’ ’ 


the Biachiopods, which is destined to undergo a vast extension 
in later ages. 

Of the higher groups of the Mollusca the record is as yet 
but scanty. In the Lower Cambrian, we have but the thin, 
shells of the free - swimming oceanic 
Molluscs or ‘^Wmged-snails” {Pteropoda\ of which the most 
characteristic is the genus Theca (fig. 32, ,o-). ^ the Upper 
Cambrian, in addition to these, we have a few Univalves 
{Gasteropoda), and, thanks to the researches of Dr Hicks 
^ite a _small assemblage of Bivalves {Lamellibranchiata), 
Aese are mostly of no great dimensions (fig. 32,//). 
Of the chambered Cephalopoda (Cuttle-fishes and their illes). 
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we have but few traces, and these wholly confined to tlie higher 
beds of the formation. We meet, however, with examples of 
the wonderful genus Orthoccras, with its 
straight, partitioned shell, which we shall 
find in an immense variety of forms in the 
Silurian rocks. Lastly, it is worthy of 
note that the lowest of all the groups of 
the MoUusca — namely, that of the Sea- 
mats, Sea-mosses, and Lace-corals {Poly- 
zoct) — is only doubtfully known to have 
any representatives in the Cambrian, 
though undergoing a large and varied 
development in the Silurian deposits. 

An exception, however, may with much 
probability be made to this statement in 
favour of the singular genus Dictyojiema 
(fig- 33)) which is highly characteristic of 
the highest Cambrian beds (Tremadoc 
Slates). This curious fossil occurs in the 
form of fan-like or .funnel-shaped expan- 
sions, composed of sliglitly-diverging liorny branches, which 
are united in a. net-like manner by numerous delicate cross- 
bars, and exhibit a row of little cups or cells, in which the ani- 
mals were contained, on each side. Diciyonema has generally 
been referred to the GraptoUtes ; but it has a much greater 
affinity with tlie plant-like Sea-firs {Scjitilat-iaiis) or the Sea- 
mosses (Folyzoa), and the balance of evidence is perhaps in 
favour of placing it with the latter. 



Fig- 33.— Fragment of 
Diciyonema socialc, con- 
siderably enlarged, show- 
ing the horny branches, 
with their connecting 
crnss-bar.s, and witharow 
of cells on each side. 
(Original.) 
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CHAPTER IX. 

THE LOWER SILURIAN PERIOD. 

The great system of deposits to which Sir Roderick Murchi- 
son applied the name of “ Silurian Rocks ” reposes directly 
upon the highest Cambrian beds, apparently without any 
rnarked unconformity, though with a considerable change in 
the nature of the fossils. The name “Silurian” was originally 
jiroposed by the prinent geologist just alluded to for a great 
senes of strata lying below the Old Red Sandstone, and occu- 
pying^ districts in Wales and its borders which were at one 
hme inhabited by the “Silures,” a tribe of ancient Britons. 

eposits of a corresponding age are now known to be largely 
developed in other parts of England, in Scotland, and in Ire- 
land, m North America, in Australia, in India, in Bohemia, 
Saxony, Bavaria, Russia, Sweden and Norway, Spain, and in 
vaiious other regions of less note. In some regions, as in the 
neighbourhood of St Petersburg, the Silurian strata are found 
not only to have preserved their original horizontality, but also 
to have retained almost unaltered their primitive soft and inco- 
herent nature. In other regions, as in Scandinavia and many 
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parts of N orth America, similar strata, now consolidated into 
shales, sandstones, and limestones, may be found resting with 
a very slight inclination on still older sediments. In a great 
many regions, however, the Silurian deposits are found to have 
undergone more or less folding, crumpling, and dislocation, 
accompanied by induration and “ cleavage ” of the finer and 
softer sediments ; whilst in some regions, as in the Highlands 
of Scotland, actual “metamorphism” has taken place. In 
consequence of the above, Silurian districts usually present 
the bold, rugged, and picturesque outlines which are char- 
acteristic of the older “Primitive” rocks of the earth’s crust in 
general.^ In many instances, we find Silurian strata rising into 
mountain-chains of great grandeur and sublimity, exhibiting 
the utmost diversity of which rock-scenery is capable, and de- 
lighting the artist with endless changes of valley, lake, and 
clilf. Such districts are little suitable for agriculture, though this 
is often compensated for by the valuable mineral products con- 
tained in the rocks. On the other hand, when the rocks are 
tolerably soft and uniform in their nature, or when few disturb- 
ances of the crust of the earth have taken place, we may find 
Silurian areas to be covered with an abundant pasturage or to 
be heavily timbered. 

Under the head of “Silurian Rocks,” Sir Roderick Murchi- 
son included all the strata between the summit of the “Long- 
mynd” beds and the Old Red Sandstone, and he divided these 
into the two great groups of the Silurian and Silu- 
rian.^ It is, however, now generally admitted that a considerable 
portion of the basement beds of Murchison’s Silurian series 
must be transferred — if only upon palaeontological grounds — to 
the Upper Cambrian, as has here been done; and much contro- 
versy has been carried on as to the proper nomenclature of the 
Upper Silurian and of the remaining portion of Murchison’s 
Lower Silurian. Thus, some would confine the name “Silu- 
rian ” exclusively to the Upper Silurian, and would apply the 
name of “ Cambro-Silurian ” to the Lower Silurian, or would 
include all beds of the latter age in the “ Cambrian ” series of 
Sedgwick. It is not necessary to enter into the merits of these 
conflicting views. For our present purpose, it is sufficient to 
recognise that there exist two great groups of rocks between 
the highest Cambrian beds, as here defined, and the base of 
the Devonian or Old Red Sandstone. These two great groups 
are so closely allied to one another, both physically and palse- 
ontologically, that many authorities have established a third 
or intermediate group (the “Middle Silurian”), by. which a pas- 
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sage is made from one into the other. This method of pro- 
cedure involves disadvantages which appear to outweigh its 
advantages ] and the two groups in question are not only gen- 
erally capable of very distinct stratigraphical separation, but at 
the same time exhibit, together with the alliances above spoken 
of, so many and such important palaeontological differences, 
that it is best to consider them separately. We shall there- 
fore follow this course in the present instance ; and pending 
the final solution of the controversy as to Cambrian and Silu- 
rian nomenclature, we shall distinguish these two groups of 
strata as the “ Lower Silurian” and the “Upper Silurian.” 

The Lower Silurian Rocks are known already to be devel- 
oped in various regions ; and though their general succession 
in these areas is approximately the same, each area exhibits 
peculiarities of its own, whilst the subdivisions of each are 
known by special names. All, therefore, that can be attempted 
here, is to select two typical areas — such as Wales and North 
America — and to briefly consider the grouping and divisions 
of the Lower Silurian in each. 

In Wales, the line between the Cambrian and I,ower Silurian 
is somewhat ill-defined, and is certainly not marked by any 
strong unconformity. There are, however, grounds for accept- 
ing the line proposed, for palteontological reasons, by Dr 
Hicks, in accordance with wdiich the Tremadoc Slates (“Lower 
Tremadoc” of Salter) become the highest of the Canibrian 
deposits of Britain. If we take this view, the Lower Silurian 
rocks of Wales and adjoining districts are found to have the 
following general succession from below upwards (fig. 34) : — 

1. The Arenig GroiLp . — This group derives its name from 
the Arenig mountains, where it is extensively developed. It 
consists of about 4000 feet of slates, shales, and flags, and is 
divisible into a lower, middle, and upper division, of which the 
former is often regarded as Cambrian under the name of 
“ Upper Tremadoc Slates.” 

2. The Llandeilo Group . — The thickness of this group varies 
from about 4000 to as much as 10,000 feet; but in this latter 
case a great amount of the thickness is made up of volcanic 
ashes and interbedded traps. The sedimentary beds of this 
group are principally slates and flags, the latter occasionally 
with calcareous bands ; and the whole series can be divided 
into a lower, middle, and upper Llandeilo division, of which 
the last is the. most important. The name of “ Llandeilo” is 
derived from the town of the same name in Wales, where strata 
of this age were described by Murchison. 
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3. The Cara doc ox Bala Group . — The alternative names of 
this group are also of local origin, and are derived, the one 
from Caer Caradoc in Shropshire, the other from Bala in Wales, 
strata of this age occurring in both localities. The series is 
divided into a lower and upper group, the latter chiefly com- 
posed of shales and flags, and the former of sandstones and 
shales, together with the important and interesting calcareous 
band known as the “ Bala Limestone.” The thickness of the 
entire series varies from 4000 to as much as 12,000 feet, ac- 
cording as it contains more or less of interstratified igneous 
rocks. 

4. The Llandovery Group (Lower Llandovery of Murchison). 
— This series, as developed near the town of Llandovery, in 
Caermarthen .shire, consists of less than 1000 feet of conglom- 
erates, sandstones, and shales. It is probable, however, that 
the little calcareous band known as the “ Hirnant Limestone,” 
together with certain pale-coloured slates which lie above the 
Bala Limestone, though usually referred to the Caradoc series, 
should in reality be regarded as belonging to the Llandovery 
group. 

The general succession of the Lower Silurian strata of Wales 
and its borders, attaining a maximum thickness (along with 
contemporaneous igneous matter) of nearly 30,000 feet, is 
diagramatically represented in the annexed sketch-section 
(fig. 34) 


[Generalised Section 


Arenig Group. Llandeilo Group. Caradoc or Bala Group. 
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Generalised Section of the Lower Silurian Rocks 
OF Wales. 


Pig. 34- 


§ 



5 May Hill Sandstone (base 
I of Upper Silurian). 


Llandovery Group. 
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Upper Bala. 


Lower Bala. 

Upper Llandeilo. 
Middle Llandeilo. 
Lower Llandeilo. 

Upper Arenig. 
Middle Arenig. 


i Lower Arenig (Upper 
( Tremadoc Group). 

i Tremadoc Slates (Lower 
( Tremadoc Group). 


In. North America, both in the United States And in Can- 
ada, the Silurian rocks are very largely developed|and may be 
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regarded as constituting an exceedingly full and typical series 
of the deposits of this period. The chief groups of the Silurian 
rocks of North America are as follows, beginning, as before, 
with the lowest strata, and proceeding upwards (hg. 35) : • 

1. Quebec Group. —'\:\\\% group is typically developed in 
the vicinity of Quebec, where it consists of about 5000 feet of 
strata, chiefly variously - coloured shales, together with some 
sandstones and a few calcareous bands. It contains a number 
of peculiar Graptolites, by which it can be identified without 
question with the Arenig group of Wales and the correspond- 
ing Skiddaw Slates of the North of England. It is also to be 
noted that numerous Trilobites of a distinct Cambrian facies 
have been obtained in the limestones of the Quebec group, 
near Quebec. These fossils, however, have been exclusively 
obtained from the limestones of the group ; and as these lime- 
stones are principally calcareous breccias or conglomerates, 
there is room for believing that these primordial fossils are 
really derived, in part at any rate, from fragments of an upper 
Cambrian limestone. In the State of New York, the Grapto- 
litic shales of Quebec are wanting ; and the base of the Silurian 
is constituted by the so-called “ Calciferous Sand-rock ” and 
“Chazy Limestone.”^ The first of these is essmrtially and 
typically calcareous, and the second is a genuine limestone. 

2. The Trenton This is an essentially calcareous 

group, the various limestones of which it is composed being 
known as the “Bird’s-eye,” “Black River,” and “ Trenton” 
Limestones, of which the last is the thickest and most import- 
ant. The thickness of this group is variable, and the bands of 
limestone in it are often separated by beds of shale. 

3. The Cincinnati Group (Hudson River Formation t).— 
This group consists essentially of a lower series of shales, often 
black in colour and highly charged with bituminous mattei 
(the “Utica Slates”), and of an upper series of shales, sand- 


* The precise relations of the Quebec shales with_ Graptolites (Levis 
Formation) to the Calciferous and Chazy beds are still obsciue, though 
there seems little doubt but that the Quebec Shales are superior to the 
Calciferous Sand-rock. . . 

t There is some difficulty about the precise nomenclature of this group. 
It was originally called the “Hudson River Formation j but this name 
is inappropriate, as rocks of this age hardly touch anywhere the actual 
Hudson River itself, the rocks so called formerly being now known to be 
of more ancient date. There is also some want of propriety in the name of 
“ Cincinnati Group,” since the rocks which are known under this name in 
the vicinity of Cincinnati itself are the representatives of the Trenton 
Limestone, Utica Slates, and the old Hudson River group, mseparably 
united in what used to be called the “Blue Limestone Sengs. 



Quebec Group. Trenton Group. Cincinnati Group. 
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stones, and limestones (the Cincinnati rocks proper). The 
exact parallelism of the Trenton and Cincinnati groups with 
the subdivisions of the Welsh Silurian series can hardly be 
stated positively. Probably no precise equivalency exists : 
but there can be no doubt but that the Trenton and Cincin- 
nati groups correspond, as a whole, with the Llandeilo and 
Caradoc groups of Britain. The subjoined diagrammatic 
section (fig. 35) gives a general idea of the succession of the 
Lower Silurian rocks of North America : 


Generalised Section of the Lower Silurian Rocks 
OF North America. 

Fis- 35. 
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Of the life of the Lower Silurian period we have record in a 
vast number of fossils, showing that the seas of this period 
were abundantly furnished with living denizens. We have, 
however, in the meanwhile, no knowledge of the land-surfaces 
of the period. We have therefore no means of speculating 
as to the nature ol the terrestrial animals of this ancient age, 
nor is anything known with certainty of any land-plants which 
may have existed. I'he only relics of vegetation upon which 
a positive opinion can be expressed belong to the obscure 
group of the “Fucoids,” and are supposed to be the remains 
of sea-weeds. Some of the fossils usually placed under this 
head are probably not of a vegetable nature at all, but others 



Fig. •3,6.—-Licro^hycus Ottmmensis, a “ Fucoid,” from the Trenton Limestone 
(Lower Silurian) of Canada. (After Billings.) 


(fig. 36) appear to be unquestionable plants. The true affin- 
ities of these, however, are extremely dubious. All that can 
be said is, that remains which appeal to be certainly vegetable. 
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and winch are most probably due to marine plants, have been 
lecognised neaily at the base of the Lower Silurian (Arenig), 
and that they are found thi'oughout the series whenever suitable 
conditions recur. 

The Piotozoans appear to have flourished extensively in the 
Lower Siluripr seas, though to a large extent under forms 
which aie still little understood. We have here for the first 
time the appearance of FoTcipiinifcrct of the ordinary type — one 
of the most inteiesting observations in this connection being 
that made by Ehrenberg, who showed that the Lower Silurian 
sandstones of the neighbourhood of St Petersburg contained 
casts in glauconite of Foraminiferous shells, some of which are 
referable to the existing genera Rotalia and Tcxtularia. True 
Sponges, belonging to that section of the group in which the 
skeleton is calcaieous, are also not unknown, one of the most 

characteristic genera being As- 
tylospongia (fig. 37). In this 
genus are included more or less 
globular, often lobed sponges, 
which are believed not to have 
been attached toforeign bodies. 
In the form here figured there 
is a funnel-shaped cavity at the 
summit ; and the entire mass of 
the sponge is perforated, as in 
living examples, by a system 
of canals which convey the 
sea-water to all parts of the 
organism. The canals by 
which the sea-water gains en- 
trance open on the exterior of 
the sphere, and those by which 
It again escapes from the sponge open into the cup-shaped 
depression at the summit. 

The most abundant, and at- the same time the least under- 
stood, of Lower Silurian Protozoans belong, however, to the 
genera Stromatopora and Receptaculites, the structure of which 
can merely be alluded to here. The specimens of Stromato- 
pora (fig. 38) occur as hemispherical, pear-shaped, globular, or 
irregular masses, often of very considerable size, and some- 
times demonstiably attached to foreign bodies. In their struc- 
ture these masses consist of numerous thin calcareous laminae, 
usually arranged concentrically, and separated by narrow 
interspaces. These interspaces are generally crossed by 
numerous vertical calcareous pillars, giving the vertical section 



I' is- 37- — Astyios/>i»ii;;!a fmmorsa, cut 
vertically so as to exhibit the canal-system 
in the interior. Lower Silurian, Tennessee. 
(After Ferdinand Roemer.) 
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of the fossil a lattice-like appearance. There are also usually 
minute pores in the concentric laminm, by which the successive 



Fig. 38.— A small and perfect specimen of Siromatopora rngosa, ai the natural 
size, from the Trenton Limestone of Canada. (After Billings.) 


interspaces are placed in communication j and sometimes the 
surface presents large rounded openings, which appear to coire- 
spond with the water-canals of the Sponges. Upon the whole, 
though presenting some curious affinities to the calcareous 
Sponges, Stromatopora is perhaps more properly regarded as 
a gigantic Foraminifer. If this view be correct, it is of sjiiecial 
interest as being probably the nearest ally of Eozobn, the 
general appearance of the two being strikingly similar, though 
their minute structure is not at all the same. Lastly, in the 
fossils known as Receptcicuhtes and Ischudites we are also pre- 
sented with certain singular Lower Silurian Protozoans, which 
may with great probability be regarded as gigantic Foranu- 
nifera. Their structure is very complex ; but_ fragments are 
easily recognised by the fact that the exterior is covered wit 1 
numerous rhomboidal calcareous plates, closely fitting together, 
and arranged in peculiar intersecting curves, presenting very 
much the appearance of the engine-turned case of a watch. 

Passing next to the sub-kingdom of Coslenterate anima s 
(Zoophytes, Corals, &c.), we find that this great group, almost 
or wholly absent in the Cambrian, is represented in Lower 
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Graptolites " {Didy- 

mosmptus, fig. 40). 1 his type is entirely confined to the earlii 

portion of the Lower Silu- 
rian period (Arenig and 
Llandeilo). In other cases, 
again, there may be four 
of such stems springing 
from a cen tral point ( Tct- 
fagraptus) . Lastly, there 
are numerous complex 
forms (such as Dichograp- 
tus, Loganograptns, &c.) in 
which tliere are eight or 
more of these simple bran- 
ches, all arising from a 
common centre (fig. 39), 
which is sometimes fur- 
nished with a singular 
horny disc. These com- 
plicated branching forms, 
as well as the Teiragrapti, 
are_ characteristic of the 
horizon of tlie Arenig 
group. Similar foims, of- 
ten specifically identical. 



Fig. Z<i,~DkhojTaMus ociohmchiaius, a branched, “unicellular” Graptolite from 
the Skiddaw and Quebec Groups (Arenig). (After Hall) 

in Wales, in the great series of the 
bkiddaw Slates of the north of England, in the Quebec group 
Canada, in equivalent beds in Sweden, and in certain gold- 
bearing slates of the same age in Victoria in Australia, 
ni/ S^'orip of Graptolites (including the genera 

JJiplograptm, Bicranograptus, Climacogi-aptus, &c.) the common 
stem ot the colony gives origin, over part or the whole of its 
length, to Atw rows of cells, one on each side (fig. 41). These 
T ^ Graptolites are highly characteristic of the 

wer Silurian deposits j and, with an exception more appa- 
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rent than, real in Bohemia, they are exclusively confined to 
strata of Lower Silurian age, and are not known to occur in 



Fig. 40. Central portion of the colony of Didynwgra^ius divaricaius, Upper 
Llandeilo, Dumfriesshire. (Original.) 


the Upper Silurian. Lastly, there is a group of Graptolites 
{Fhyllographis, fig. 42) in which the colony is leaf-like in form, 



Fig. 41.— Examples of Diplografiits 
pristis, showing variations in the appen- 
dages at the base. Upper Llandeilo, 
l>umfnesshire. (Original.) 

and is composed of four 



Fig. 42. — Group of individuals of Phyllo- 
gntpfus fypus, from the Quebec group of 
Canada. (After Hall.). One of the four rows 
of cells is hidden on the under surface. 


rows of cells springing in a cross-like 
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manner from the common stem. These forms are highly char- 
acteristic of the Arenig group. 

The Graptolites are usually found in dark-coloured, often 
black shales, which sometimes contain so much carbon as to 
become “anthracitic.” They may be simply carbonaceous; 
but they are more commonly converted into iron-pyrites, when 
they glitter with the brilliant lustre of silver as they lie scattered 
on the surface of the rock, fully deserving in their metallic 
tracery the name of “written stones.” They constitute one 
of the most important groups of Silurian fossils, and are of the 
greatest value in determining the precise stratigraphical posi- 
tion of the beds in which they occur. They present, however, 
special difficulties in their study ; and it is still a moot point as 
to their precise position in the zoological scale. The balance 
of evidence is in ffivour of regarding them as an ancient and 
peculiar group of the Sea-firs (Hydroid Zoophytes), but some 
regard them as belonging rather to the Sea-mosses {Polyzoa). 
Under any circumstances, they cannot be directly compared 
either with the ordinary Sea-firs or the ordinary Sea-mosses ; 
for these two groups consist of fixed organisms, whereas the 
Graptolites were certainly free-floating creatures, living at 
large in the open sea. The only Hydroid Zoopliytes or Poly- 
zoans which have a similar free mode of existence, have either 
no skeleton at all, or have hard structures quite unlike the 
horny sheaths of the Graptolites, 

The second great group of Coelenterate animals [Aciinozoa) 
is represented in the Lower Silurian rocks by numerous 
Corals. These, for obvious reasons, are muclr more abundant 
in regions where the Lower Silurian series is largely calcareous 
(as in North America) than in districts like Wales, where 
limestones are very feebly developed. The Lower Silurian 
Corals, though the first of their class, and presenting certain 
peculiarities, may be regarded as essentially similar in nature 
to existing Corals. These, as is well known, are the calcareous 
skeletons of animals — the so - called “ Coral - Zoophytes ” — 
closely allied to the common Sea-anemones in structure and 
habit. A simple coral (fig. 43) consists of a calcareous cup 
embedded in the soft tissues of the flower-like polype, and hav- 
ing at its summit a more or less deep depression (the “ calice ”) 
in which the digestive organs are contained. The space within 
the coral is divided into compartments by numerous vertical 
calcareous plates (the “septa”), which spring from the inside 
of the wall of the cup, and of which some generally reach the 
centre. Compound corals, again (fig. 44), consist of a greater 
or less number of structures similar in structure to the above, 
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together in difterent ways into a coiinnon mass. 
Simple corals, therefore, are tlie skeletons of single and inde- 



Fig. 43. — ^ Zaphrentis Siokosi, :i simple 
” Upp*^'' Siliiriaiij Canada. (After 

Billing.s.) 


Fig. 44.— Upper .surface of a mass of 
Strombodes pentagonns. Upper Silurian. 
Canada. (After Billings.) 


pendent polypes \ whilst compound corals are the skeletons of 
assemblages or colonies of similar polypes, living united with 
one another as an organic community. 

In the general details of their structure, the Lower Silurian 
Corals^ do not differ from the ordiiiaiy Corals of the present 
day. 1 he latter, however, have the vertical calcareous plates 
of the coral (” septa ”) arranged in multiples of six or five ‘ 
whereas the former have these stractures arranged in multiples 
of four, and often showing a cross-like disposition. For this 
reason, the common Lower Silurian Corals are separated to 
foim a distinct group under the name of Rugose Corals or 
Rugosa. They are further distinguished by the fact that the 
cavity of the coral (“visceral chamber”) is usually subdivided 
by more or less numerous ho 7 'izont(xl calcareous plates or 
partitions, which, divide the coral into so many tiers or storeys ' 
and which are known as the “ tabulse” (fig. 45). ’ 

In addition to the Rugose Corals, the Lower Silurian rocks 
conta^in a number of curious compound corals, the tubes 
ot which have either no septa at all or merely rudimentary 
ones, but which have the transverse partitions or “ tabulse ” 
■^ry highly developed. These are known as the Tahilate 
Corals; aM recent researches on some of their existing allies 
(such as Hehoporci) have shown that they are really allied to 


THE LOWER SILURIAN PERIOD. IO5 

the modern Sea-pens, Organ-pipe. Corals, and Red Coral, 
rather than to the typical stony Corals. Amongst the charac- 



.a Rugose compound coral, with imperfect septa, but 
(After^Billings'”) partitioned off into storeys by “ tabula;.” Lower Silurian, Canada, 


teristic Rugose Corals of the Lower Silurian may be mentioned 
species belonging to the genera Colm/maria, Favistella, Strep- 
tdasma, and Zaphrentis ; whilst amongst the “Tabulate” 
(^rals, the principal forms belong to the genera ChcBtetes, 
Halysites (the Chain-coral), Consteilaria, and Heliolites. These 
groups of the^ Corals, however, attain a greater development 
at a later period, and they will be noticed more particularly 
hereafter. 

Passing on to higher animals, we find that the class of the 
Echinodermata is represented by examples of the Star-fishes 
{Asterotdea), the Sea-lilies {Crinoidea), and the peculiar extinct 
group of the Cystideans {Cystoidea), with one or two of the 
Brittle-stars {Ophiuroidca) — the Sea-urchins {Echinoided) being 
still wanting, 1 he Crinoids, though in some places extremely 
numerous, have not the varied development that they possess 
in the Upper Silurian, in connection with which their structure 
will be more fully spoken of. In the meanwhile, it is sufficient 
to note that many of the calcareous deposits of the Lower 
Silurian are strictly entitled to the name of “ Crinoidal lime- 
stones,” being composed in great part of the detached joints, 
and plates, and broken stems, of these beautiful but fragile 
organisms (see fig. 12), Allied to the Crinoids are the singular 
creatures which are known as Cystideans (fig. 46). These are 
generally composed of a globular or ovate body (the “calyx”), 
supported upon a short stalk (the “column”), by which the 
organism was usually attached to some foreign body. The 
body was enclosed by closely-fitting calcareous ]jlate.s, accu- 
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rately jointed together ; and the stem was made up of numerous 
distinct pieces or joints, flexibly united to each other by mem- 



Figr. 46.— Group of Cystideans. A, Caryocritms omaitts,* Upper Silurian, America; 
B, PleurocysHies squamosns, showing two short “ arms," Lower Silurian, Canada ; C, 
Psendocrimis bifasciaiiis. Upper Silurian, England ; D, Lepadocrinns Gebhwrdi, Upper 
Silurian, America. (After Hall, Billings, and Salter.) 

brane. The chief distinction which strikes one in comparing 
the Cystideans with the Crinoids is, that the latter are always 
furnished, as will be subsequently seen, with a beautiful crown 
of branched and feathery appendages, springing from the sum- 
mit of the calyx, and which are composed of innumerable 
calcareous plates or joints, and are known as the “ arms,” In 
the Cystideans, on the other hand, there are either no “ arms ” 
at all, or merely short, unbranched, rudimentary arms. The 
Cystideans are principally, and indeed nearly exclusively, 
Silurian fossils ; and though occurring in the Upper Silurian 
in no small numbers, they are pre-eminently characteristic of 
the Llandeilo-Caradoc period of Lower Silurian time. They 
commenced their existence, so far as known, in the Upper 
Cambrian ; and though examples are not absolutely unknown 

* The genus Caryocrinus is sometimes regarded as properly belonging 
to the Crinotds, but there seem to be good reasons for rather considering 
it as an abnormal form of Cysiidean, 
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in later periods^ they are pre-eminently characteristic of the 
earlier portion of the Palaeozoic epoch. 

The Ringed Worms (Annelidas) are abundantly represented 
in the Lower Silurian, but principally by tracks and burrows 
similar in essential respects to those which occur so commonly 
in the Cambrian formation, and calling for no special com- 
ment. Much more important are the Articulate animals, rep- 
resented, as heretofore, wholly by the remains of the aquatic 



Fig. 47.—- Lower Silurian Crustaceans, a, Asaphts tyrannns. Upper Llandeilo ; h. 
Upper Llandeilo; c, Trinucleus concmtricns, Caradoc; d, Caryocards 
Wrighiii., Arepig (Skiddaw Slates) ; e, Beyrichia complkata, natural size and enlarged, 
Upper Llandeilo and Caradoc; A Ptimttia siransitlaia, Caradoc: Head-shield of 
Calytnene Bbimenbachii, var. brevicapitata, Caradoc; /z, Head-shield of Triarthnis 
Becki (Utica Slates), United States ; z, Shield of Leperditia Canadensis, var. Joseph- 
iana, of the natural size, Trenton Limestone, Canada ; j, The same, viewed from the 
front. (After Salter, M'Coy, Rupert Jones, and Dana.) 

group of the Crustaceans. Amongst these are numerous little 
bivalyed forms — such as species of Frimitia (fig. 47, /), Bey- 
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richia (fig. 47, e\ and Leperditia (fig. 47, i and j). Most of 
these are very small, varying from the size of a pin’s head up 
to that of a hemp seed j but they are sometimes as large as 
a small bean (fig. 47, 2), and they are commonly found in 
myriads together in the rock. As before said, they belong to 
the same great group as the living Water-fleas {Ostracoda). 
Besides these, we find the pod-shaped head-shields of the 
shrimp-like Phyllopods— such as Caryocaris (fig. 47, d) and 
Ceratiocm'ip More important, however, than any of these are 
the Trilohites, which may be considered as attaining their maxi- 
nmm d^elopment in the Lower Silurian. The huge Paradoxides 
of the Cambrian have now disappeared, and with them almost 
^1 the principal and characteristic “primordial” genera, save 
Olentis and Agnostus. In their place we have a great number 
o ne\v forms —some^ of them, like the great tyrannus 

of the Upper IJandeilo (fig. 47, «), attaining a length of a foot 
or riiore, and thus hardly yielding in the matter of size to their 
ancient rivals. Almost every subdivision of the Lower Silurian 
series has its own special and characteristic species of Trilo- 
bites and the study of these is therefore of great importance 
0 the geologist. A few widely-dispersed and characteristic 
species have been here figured (fig. 47) ; and the following 
may be considered as the principal Lower Silurian genera — 
Asaphus Ogygia, Cheirurus, Ampyx, Caiymene, Trinuckus, 
Jllanus^ jpglina, Ilarpes, Remoplcurides, Phacops, 
Aadaspis, and Homalonotus, a few of them passing upwards 
under new forms into the Upper Silurian. 

Coming next to the Molhisca, we find the group of the Sea- 
mosses and Sea-mats {Polyzoa) represented now by quite a 
number of forms. Amongst these are examples of the true 
Lace-corals {Pdepora and Pmestella), with their netted fan-like 
or tunnel-shaped fronds ; and along with these are numerous 
delicate encrusting forms, which grew parasitically attached to 
shells and corals {Hippothoa, Alecto, &c.) j but perhaps the 
most characteristic forms belong to the genus Ptilodidya (figs. 

"U- T j ‘ is flattened, with thin 

staated edges, sometimes sword-like or scimitar-shaped, but 
often more or less branched; and it consists of two layers of 
cells, separated by a delicate membrane, and opening upon 
opposite sides. Each of these little chambers or “ cells ” was 
originally tenanted by a minute animal, and the whole thus 
constituted a compound organism or colony. 

The Lamp-shells or Brachiopods are so numerous, and pre- 
both in this and the succeeding period 
of the Upper Silurian, that the name of “ Age of Brachiopods” 



Fig. 48. — Ptilodiciya /alci/orims. a, 
Small .specimen of the natural size ; b, 


Fig. 49.— A, PHlodictya acuta ; B, Ptil- 
odictya SchafferL a, Fragment, of the 


America. (Original.) 

many different form.s of Brachiopods which present themselves 
in the Lower Silurian deposits ; but we may select the three 
genera Ortliis, Strophoinena, and Lepttsnii for illustration, as 
being specially characteristic of this period, though not exclu- 






Fig. So. — Lower Silurian Brachiopods. a and <d, Orihis Llandeilo-Garadoc, 

Britain and America ; b, Orthis flahdhaum, Caradoc, Britain : c, OrifAzj snbquadraia, 
Cincinnati Group, America; d, Interior of the dorsal valve of the same, d, 
mena ^eliotdea, Llandeilo-Cai’adoc, Britain and Amenca* (After Meek, xiali, ana 
Salter.) 

sively confined to it. The numerous shells which belong to 
the extensive and cosmopolitan gejms^Or^Ais (fig. 50, a, c, 
9 
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and % 51, c and d\ are usually more or less transverselv.. 
oblong or siibquadrate, the two valves (as more or less in aU 



America ; 3, ^tn^J-hoinena gliomata, Cincinnati Group, 
tniudinaria, Caradoc, liurope, and America^ 

9‘'0“P» America ; e, d, d’, Lctt^na T uLun Cincinnati 

nca. (After Meek, Hall, and the Author.)' Caradoc, JJurope and Arne- 


lex generally more or less com 

fte roll are , men ; ™lves ol 

there S a saaiglu and 

(4 50 and Strophovma 

acter fi ^^^e Orthis in general char- 
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Modiolopih^ CteuodoutiX^ Ofthonota, PalcBarcct^ Lyrodestna, Am- 
bonychia, and Clcidophorus. The Univalves {Gasteropoda) are 
also yeiy numerous, the two most important genera beine; 
Miirchisoma (fig. 52) and Pleurotomaria. In both these groups 
the outer hp of the shell is notched ; but the shell 
in the former is elongated and turreted, whilst in 
the^ latter it is depressed. The curious oceanic 
Univalves known as the Heteropods are also very 
abundant, the irrincipal forms belonging to Pel- 
lerophon and Madurca. In the former (fig. 53) 
there is a symmetrical convoluted shell, like that 
of the Pearly Nautilus in shape, but without any 
internal pai titions, and having the aperture of- 
ten expanded anrl notched behind. The species 
of Madurea (fig. 54) are found both in Nortlr 
America and in Scotland, and are exclusively 
confined to the I.ower Silurian period, so far 
as known. They have tire shell coiled into a 
flat spiral, the mouth being furnished with a 
veiy^^cuiious, thick, and solid lid or “opercu- 
lum.” _ The Lower Silurian Pteropods, or “ Wing- 
ed Snails,” are^numerous, and belong principally 
to the genera_ Theca, Conularia, and Tentacuiites, 
the last-mentioned of these often being -extremely abundant in 
certain strata. 

Lastly, the Lower Silurian Rocks have yielded a vast number 



Pig. S3" views of Trenton Limestone, Canada. 

(After Billing.s.) 

of chambered shells, referable to animals which belong to the 
same great drvision as the Cuttle-fishes (the Cephalopoda), and 
ot whrch the Pearly Nautilus is the only living representative at 
he present day. In this group of Cephalopods the animal 
possesses a well-developed external shell, which is divided 
into chambers by shelly partitions (“septa”). The animal 
lives in the last-formed apd largest chamber of the shell, to 



Fig, s-i.—Mur- 
chisonia gracilis, 
Trenton I.ime- 
.«tone, Americii. 
(After Billing.s.) 
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which it is organically connected by muscular attachments. 
The head is furnished with long muscular processes or “arms/' 



Pig- 54- Different views of Machirea crenulata, Quebec Group, Newfoundland. 
(After Billings.) 


and can be protruded from the mouth of the shell at will, or 
again withdrawn within it. We learn, also, from the Pearly 
Nautilus, that these animals must have possessed two pairs of 
bieathing organs or “gills hence all these forms are grouped 
toother under the name of the “ Tetrabranchiate ” Cephalo- 
pods {Gx. teira, four ; bragchia, gill). On the other hand, the 
01 dinary Cuttle-fishes and Calamaries either possess an internal 
skeleton, or if they have an external shell, it is not chambered ; 
their arms are furnished with powerful organs of adhesion 
111 the foim of suckers ; and they possess only a single pair of 
gills. F or this last reason they are termed the “ Dibranchiate " 
Cephalopods (Gr. dis, twice ; bragchia, gill). No trace of the 
tiue Cuttle-fishes has yet been found in Lower Silurian deposits; 
but the Tetrabranchiate group is r^resented by a great num- 
bei of forms, sometimes of great size. The principal Lower 
bilurian genus is die well-known and widely-distributed Ortho- 
fif/m_(fig. 55 ). The shell in this genus agrees with that of the 
existing Pearly Nautilus, in consisting of numerous chambers 
separated by shelly partitions (or septa), the latter being per- 
forated by a tube which runs the whole length of the shell 
after the last chamber, and is known as the “siphuncle" (fig. 

^ \ chamber formed is the largest, and in it the 

animal lives. The chambers behind this are apparently filled 
with some gas secreted by the animal itself; and these are sup- 
posed to act as a kind of float, enabling the creature to move 
with ease under the weight of its shell. The various air- 
c ambers, though the siphuncle passes through them, have no 
direct connection with one another; and it is believed that the 
animal has the power of slighdy altering its specific gravity, 
and thus of rising or sinking in the water by driving additional 
Itmd into the siphuncle or partially emptying it. The Ortho- 
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ceras further cagrees with the Pearly Nautilus in the fact that 
the paititions or septa separating tlae different- air-chambers are 



S5-— Fragment of Orilwceras crehri- 
settum, Cincinnati Group, North America, 
of the natural size. The lower figure i.s a 
section showing the air-chambers, and the 
form and position of the siphuncle. (After 
Billings.) 



Fi.g- S6- — ^Restoration of Orthoceras, 
the shell being supposed to be divided ver- 
tically, and only its upper part being 
shown, a. Arms ; /, Muscular tube 
(‘ funnel”) by which water is expelled 
frona the mantle-chamber; c, Air-cham- 
bers ; s, Siphuncle. 


Simple and smooth, concave in front and convex behind, and 
devoid of the elaborate lobation which they exhibit in the 
Ammonites j whilst the siphuncle pierces the septa either in 
the centre or near it. In the Nautilus, however, the shell is 
coiled into aflat spiral j whereas in OrfJioceras ih& shell is a 
stiaight, longer or shorter cone, tapering behind, and gradu- 
ally expanding towards its mouth in front. The chief objec- 
tions to the belief that the animal of the Orthoceras was essen- 
tially like that of the Pearly NTaiitilus are — the comparatively 
small size of the body-chamber, the often contracted aperture 
of the mouth, and the enormous size of some specimens of 

This illustration is taken from a rough sketch made by the author 
many years ago, but he is unable to say from what original source it was 
copied. ' • 9 . ■ 
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the shell. Thus, some OrtJiocerata have been discovered 
measuring ten or twelve feet in length, with a diameter of a 
foot at the larger extremity. These colossal dimensions cer- 
tainly make it difficult to imagine that the comparatively small 
body-chamber could have held an animal large enough to move 
a load so ponderous as its own shell. To some, this difliculty 
has appeared so great that they prefer to believe that the 
Orthoceras did not live in its shell at all, but that its shell was 
an internal skeleton similar to what we shall find to exist in 
many of the true Cuttle-fishes. There is something to be said 
in favour of this view, but it would compel us to believe in the 
existence in Lower Silurian times of Cuttle-fishes fully equal 
in size to the giant “ ICraken ” of fable. It need only be 
added in this connection that the Lower Silurian rocks have 
yielded the remains of many other Tetrabranchiate Cephalo- 
pods besides Some of these belong to Cyrtoceras, 

which only differs from Oiihoccras in the bow-shaped form of 
the shell ; others belong to Fhragmoceras, Lituitcs, &c. ; and, 
lastly, we have true Nautili, with their spiral shells, closely 
resembling the existing Pearly Nautilus. 

Whilst all the sub-kingdoms of the Invertebrate animals are 
lepresented in the Lower Silurian rocks, no traces of Verte- 
brate animals have ever been discovered in these ancient 
deposits, unless the so-called “ Conodonts ” found by Pander 
in vast numbers in strata of this age* in Russia should j^rove 
to be really of this nature. These problematical bodies are of 
inicioscopic size, and have the form of minute, conical, tooth- 
shaped spines, with sharp edges, and hollow at the base, 
Iheir original discoverer regarded them as the horny teeth 
o s les allied to the Lampreys ; but Owen came to the con- 
clusion that they probably belonged to Invertebrates. The 
recent investigation of a vast number of similar but slightly 
bodies, of very various forms, in the Carboniferous rocks 
o Ohio, has led Professor Newberry to the conclusion that 
mese singular fossils really are, as Pander thought, the teeth of 
yc ostomatous fishes. The whole of this difficult question 
nas thus been reopened, and we may yet have to record the 
tirst advent of Vertebrate animals in the Lower Silurian. 


Lower qTl^rf^l Conodonts” are found not only in the 

well : ^ also m the » Ungulite Grit” (Upper Cambrian), 

the Conndontl . " f Carboniferous deposits of Russia. .Should 

to traX^ the fi r the remains of fishes, we should thus have 

leitrarthe hpplrTS “ -'V '' 
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CHAPTER X. 

THE UPPER SILURIAN PERIOD. 

Having now treated of the Lower Silurian period at considei- 
able length, it will not be necessary to discuss the succeeding 
group of the Upper Silurian in the same detail— -the more so, 
as with a general change of species the Upper Silurian animals 
belong for the most part to the same great types as those which 
distinguish the Lower Silurian. As compared, also, as regards 
the total bulk of strata concerned, the thickness of the Ujiper 
Silurian is generally very much below that of the Lower Siluiian, 
indicating that they represent a proportionately shorter period 
of time. In considering the general succession ot the Upper 
Silurian beds, we shall, as before, select Wales and America as 
being two regions where these deposits are typically developed. 

In Wales and its borders the general succession of the 
Upper Silurian rocks may be taken to be as follows, in ascend- 
ing order (fig. 57) : — . . -1, 

(1) The base of the Upper Silurian series is constitutecnoy 
a series of arenaceous beds, to which the name of “ May Hill 
Sandstone ” was applied by Sedgwick. These are succeeded 
by a series of greenish-grey or pale-grey slates (“ Tarannon 
Shales”), sometimes of great thickness; and these tvm groups 
of beds together form what may be termed the ''May Hill 
Group" (Upper Llandovery of Murchison). Though not very 
extensively developed in Britain, this zone is one well 
marked by its fossils ; and it coivesponds with the Clinton 
Group” of North America, in which similar fossils occur. In 
South Wales this group is clearly nnconformable to the highest 
member of the subjacent Lower Silurian (the Llandovery group) , 
and there is reason to believe that a similar, though less con- 
spicuous, physical break occurs^ very generally between the 
base of the Upper and the summit of the Lower Silurian. 

(2) The Wenlock succeeds the May Hill_ group, and 

constitutes the middle member of the Upper Silurian. At its 
base it may have an irregular limestone (“Woolhope lime- 
stone”), and its summit may be formed by a similar but thicker 
calcareous deposit (“Wenlock Limestone’ ); but the bulk ot the 
group is made up of the argillaceous, and shaly strata known as 
the “ Wenlock Shale.” In North Wales the Wenlock group is 
represented by a great accumulation of flaggy and gritty stra a 
(the “ Penhighghire Flags and Grits-’), and similar bed§ (t e 
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‘‘ Coniston Flags ” and “ Coniston Grits ”) take the same place 
in the north of England. 

. (3) The Ludlow Group is the highest member of the Upper 
Silurian, and consists typically of a lower arenaceous and shaly 
series (the “Lower Ludlow Rock”) a middle calcareous 
member (the “ Aymestry Limestone”), and an upper shaly and 
sandy series (the “ Upper Ludlow Rock ” and “ Downton Sand- 
stone”). ^ At the summit, or close to the summit, of the Upper 
Ludlow, is a singular stratum only a few inches thick (vary- 
ing from an inch to a foot), which contains numerous remains 
of crustaceans and fishes, and is well known under the name 
of the “bone-bed.” Finally, the Upper Ludlow rock graduates 
invariably into a series of red sandy deposits, which, when of 
J'- character, are known locally as the “Tile-stones.” 

Lnese beds are probably to be regarded as the highest member 
of the Upper Silurian ; but they are sometimes looked upon as 
passage-beds into the Old Red Sandstone, or as the base of 
this formation. It is, in fact, apparently impossible to draw 
any actual line of demarcation between the Upper Silurian and 
the overlying deposits of the Devonian or Old Red Sandstone 
series. Both in Britain and in America the Lower Devonian 
beds repose with perfect conformity upon the highest Silurian 
beds, and the two formations appear to pass into one another 
by a gradual and imperceptible transition. 

The Upper Silurian strata of Britain vary from perhaps 
3000 or 4000 feet in thickness up to 8000 or 10,000 feet. In 
North America the corresponding series, though also variable,- 
IS generally of much smaller thickness, and maybe under 1000 

f Iv general succession of the Upper Silurian deposits 
of North America is as follows : — 

(i) Medma Sandstone constitutes the base of the 
Upper Silurian, and consists of sandy strata, singularly devoid 
o life, and passing below in some localities into a conglo- 
merate (“ Oneida Conglomerate ”), which is stated to contain 
pebbles derived from the older beds, and which would thus 
mdicate an unconformity between the Upper and Lower 
Silurian. 


(2) Clinton Group. Above the Medina sandstone are 
beds of sandstone and shale, sometimes with calcareous bands, 
which constitute what is known as the “ Clinton Group ” The 
Medina and Clinton groups are undoubtedly the equivalent of 
^e_ May Hill Group ” of Britain, as shown by the identity of 
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Generalised Section of the Upper Silurian Strata 
OF Wales and Shropshire. 


1 O 

sag 


Fig- 57- 
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( stone. 
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Aymestry Limestone. 
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t Wenlock Shale (Denbigh- 
shire P'lags and Grits of 
North Wales). 

Woolhope Limestone. 
Tarannon Shales. 

May Plill Sandstone. 


Llandovery Rocks. 


(3) Niagara Group . — This group consists typically of a 
series of argillaceous beds (“Niagara Shale”) capped by 
limestones (“Niagara Limestone”); and the name of the 
group is derived from the fact that it is over limestones of this 
age that the Niagara river is precipitated to form the great 
Falls. In places the Niagara group is wholly calcareous, 
and it is continued upwards into a series of marls and sand- 
stones, with beds of salt -and masses of gypsum (the “Salina 
Group”), or into a series of magnesian limestones (“Guelph 
Limestones ”). The Niagara group, as a whole, corresponds 
unequivocally with the Wenlock group of Britain. 

(4) Lower Helderherg Group . — The Upper Silurian period 
in North America was terminated by the deposition of a series 
of calcareous beds, which derive the name of “ Lower Helder- 
berg” from the Helderberg mountains, south of Albany, and 
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which are divided into several zones, capable of recognition by 
their fossils, and known by local names (Tentaculite lime- 
stone, Water-lime, Lower Pentamerus Limestone, Deltliyri.s 
Shaly Limestone, and Upper Pentamerus Limestone). As a 
whole, this series may be regarded as the equivalent of tlie 
Ludlow group of Britain, though it is difficult to establish any 
precise parallelism. The summit of the Lower Helderberg 
group is constituted by a coarse-grained sandstone (the “ Oris- 
kany Sandstone”), replete with organic remains, which have 
to a large extent a Silurian facies. Opinions differ as to whether 
this sandstone is to be regarded as the highest bed of the UpiJer 
Silurian or the base of the Devonian. We thus see that in 
America, as in Britain, no other line than an artificial one can be 
drawn between the Upper Silurian and the overlying Devonian. 

As regards the life of the Upper Silurian period, vve have, as 
before, a number of so-called “Fucoids,” the true vegetable 
nature of which is in many instances beyond doubt. In addi- 
tion to these, however', wm meet for the first time, in deposits 
of this age, with the remains of genuine land-plants, though 
our knowledge of these is still too scanty to enable us to con- 
struct any detailed picture of the terrestrial vegetation of the 
period. Some of these remains indicate the existence of the 
remarkable genus Lepidodendroii — a genus which played a part 
of great importance in the forests of the Devonian and Carbon- 
iferous periods, and which may be regarded as a gigantic and 
extinct type of the Club-mosses [Lycofodiacece). Near the 
summit of the Ludlow formation in Britain there have also 
been found beds charged with numerous small globular bodies, 
which Dr Hooker has shown to be the seed-vessels or “ spor- 
angia” of Club-mosses. Principal Dawson further states that 
he has seen in the same formation fragments of wood with the 
structure of the singular Devonian Conifer known as Proto- 
taxites. Lastly, the same distinguished observer has described 
from the Upper Silurian of North America the remains of the 
singular land-plants belonging to the genus Psilofhyton, which 
will be referred to at greater length hereafter. 

The marine life of the Upper Silurian is in the main con- 
stituted by types of animals similar to those characterising the 
Lower Silurian, though for the most part belonging to different 
species. The Protozoans are represented principally by Stro~ 
matopora and Ischadites, along with a number of undoubted 
(such as Amphispofigia, Astrmspongia, Astylospongia^ 
and Palceomanon). 

Amongst the Cxlenterates, we find the old group of Graf- 
tolifes now verging on extinction. Indiyidpals still remain 
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numerous, but the variety of generic and specific types has 
now become greatly reduced. All the branching and complex 
forms of the Arenig, the twin-Grap- 
tolites and Dicranograpti of th^ 

Llandeilo, and the double-celled 
Diplograpti and Cliniacograpti of 
the Bala group, have noAv disap- 
peared. In their place we have 
the singular RctioHies, with its curi- 
ously-reticulated skeleton; and seve- 
ral species of the single-celled genus 
MonograpUts, of which a character- 
istic species {M. priodoii) is here 
figured. If we remove from this 
group the plant-like DictyonemcB, 
which are still present, and which 
survive into the Devonian, no 
known species of Graptolite has 
hitherto been detected in strata 
higher in geological position than 
the Ludlow. This, therefore, pre- 
sents us with the first instance we 
have as yet met with of the total 
disappearance and extinction of a 
great and important series of or- 
ganic forms. 

The Corah are very numerously 
represented in the Upper Silurian 
rocks, some of the limestones (such 
as the Wenlock Limestone) being 
often largely composed of the skeletons of these animals. 
Almost all the known forms of this period belong to the 
two great divisions of the Rugose and Tabulate corals, the 
former being represented by species of Zaphrentis^ Omphyma, 
Cystiphyilim, Strombodes, Acenndaria, Cyathophylluni, &c. ; 
whilst the latter belong principally to the genera Favosites, 
Chcotetes, Halysites, Syringopora, Hcliolites, and Plasmopora. 
Amongst the Rugosa, the first appearance of the great and 
important genus Cyathophyllum, so characteristic of the Pale- 
ozoic period, is to be noted ; and amongst the Tabulata 
we have similarly the first appearance, in force at any rate, 
of the widely-spread genus Favosites — the '‘Honeycombs 
corals.” The “ Chain- corals ” {Halysites), figured below (fig. 59), 
are also very common examples of the Tabulate corals during 
tjiis period, though they occur likewise in the Lower Silurian, 


Pig- .58.— A, MonograjiUis ^rio- 
don, slightly enlarged. B, Frag- 
ment of the same viewed from 
behind. C, Fragment of the .same 
viewed in front, showing the mouths 
of the cellules. D, Cross-section 
of the same. From the Wenlock 
Group (Coniston Flags of the North 
of England). (Original.) 
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. Amongst tlie Echinodermata^ all those orders which have 
hard parts capable of ready preservation are more or less 






Fig. 59. —rt, Halysttcs caiennlaria^ small variety, of the natural size ; Fragment of 
a large variety of the same, of the natural size; c, Fragment of limestone with the tubes 
of Halysites agelomerata, of the natural size ; d. Vertical section of two tubes of the 
same, showing the tabulae, enlarged. Niagara Limestone (Wenlock), Canada. (Original.) 

largely represented. We have no trace of the Holothurians 
or Sea-cucumbers ; but this is not surprising, as the record of 
the past is throughout almost silent as to the former existence 
of these soft-bodied creatures, the scattered plates and spicules 
in their skin offering a ver)'^ uncertain chance of preservation 
in the fossil condition. The Sea-urchins {Echinoids) are said 
to be represented by examples of the old genus Palcechinus. 
The Star-fishes (A steroids) and the Brittle- stars {Ophhiroids) 
are, comparatively speaking, largely represented , the former 
by species of Palasferina (fig. 60), Palmaster (fig. 60), Palao- 
mna (fig. 60),^ Petraster, Glypiaster, and Lepidaster — and the 
latter by species of Protaster (fig. 61), PalcBodisais, Acroura, 
and Eucladia. The singular Cystideans^ or “ Globe Crinoids,” 
with their globular or ovate, tesselated bodies (fig. 46, A, C, D,), 
are also not uncommon in the Upper Silurian ; and if they do 
not become finally extinct here, they certainly survive the close 
of this period by but a very brief time. By far the most im- 
porta.nt, however, of the Upper Silurian Echinoderms, are the 
Sea-lilies or Crinoids. The limestones of this period are often 
largely composed of the fragmentary columns and detached 




Fig. 6o.— Upper Silurian Star-fishes, i, Palasterina jirimteva. Lower Ludlow ; 2, 
Palceaster Ruthveni, Lower Ludlow ; 3, Palceocovta Colvini, Lower Ludlow. (After 
Salter.) 

exquisitely-preserved examples of this group with which we 
are as yet acquainted. However varied in their forms, these 



_ Fig. 61. — A, Proiasier SedgwicMi, showing the disc and bases of the arms ; B, Por- 
tion of an arm, greatly enlarged. Lower Ludlow. (After Salter.) 


beautiful organisms consist of a globular, ovate, or pear-shaped 
body (the “ calyx supported upon a longer or shorter 
jointed stem (or “ column ”). The body is covered externally 
with an armour of closely-fitting calcareous plates (fig. 62), and 
its upper surface is protected by similar but smaller plates 
more loosely connected by a leathery integument From the 
upper surface of the body, round its margin, springs a series 
of longer or shorter flexible processes, composed of innu- 
merable calcareous joints or pieces, movably united with, one 
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another. The_ arras are typically five in number ; but they 
generally subdivide at least once, sometimes twice, and they 



7 Silurian Crinoids. a, Calyx and arms Encaly^iocrinns Mydaciy- 

lus, Wenlock Limestone ; Ichihyocrinns hevis, Niagara Limestone, America ; c, 
Wenlock Limestone. (After M ‘Coy and Hall.) 


aie furnished with similar but more slender lateral branches 
or '‘pinnules,” thus giving rise to a crown of delicate feathery 
plumes. 1 he “ column ” is the stem by which the animal is 
attached permanently to the bottom of the sea) and it is com- 
posed of numerous separate plates, so jointed together that 
whilst the amount of movement between any two j^ieces must 
be very limited, the entire column acquires more or less flexi- 
bility, allowing the organism as a whole to wave backwards and 
forwaids on its stalk. Into the exquisite minuticz of structure 
by which the innumerable parts entering into the composition 
o a single Crinoid are adapted for their proper purposes in 
the economy of the animal, it is impossible to enter here. No 
period, as before said, has yielded examples of greater beauty 
than the Upper Silurian, the principal genera represented 
t^ing Cyathocrims, Platyainus, Marstipiocrmus, Taxocrinus, 
J^icalyptocnnus, Ichthyocrmus, Mariacrinus, Periechocrinus, 
(j-lyptocnmis, Crotalocrinus, and Edriocrinus, 

, burrows of Aimelides are as abundant in 

e pper Silurian strata as in older deposits, and have just 
as commonly been regarded as plants. The most abundant 
forms are the cylindrical, twisted bodies (Planolites), which are 



Fig. fill 

Upper bilunan (Clmlon Group), Canada. (Original!) 

the fflied-up burrows of marine worms resembling the living 
Lob-woiras. Ihere are also various remains which belong to 
he group of the tube-inhabiting Annelides {Tuhicola). Of 

the tubes of Serpulites and Cormdites, and the 
little spiial discs of Spirorbts Lmnsii. 

Amongst the Artiailates, we still meet only with the remains 
al Crmtaaam Besides the little bivalyecIOrr,wOTya_which 
p; of beans-and yI^I 

eites. iiiebe last-mentioned ancient types, however sire now 
bepnmng to show signs of decadence ; and thougl/still indi- 
vidually numerous, there is a great diminution in the number 

so?buTdamfv'in which flourished 

Zn? rr^’,^ ’ Acidasfis, lUantis, Caly- 

n <f, Momalonotus, and i^ir^y/jj—the last of these, one of the 
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highest and most beautiful of the groups of Trilobites, attaining' 
here its maximum of development. In the annexed illustra- 
tion (fig. 64) some of the characteristic Upper Silurian Trilo- 



Fig, 64.“TJpper Silurian Trilobites. Ckeir^irns hinmcronaius^ Wenlock and Cara- 
Phacojf>s longiaiudainSy Wenlock, Britain, and America j Phacops Doivninii'uPt 

Ludlow ; d, Harpes niignla. Upper Silurian, Bohemia. (After Salter 
and Barrande.) 


bites are represented — all, however, belonging to genera which 
have their commencement in the Lower Silurian period. In 
addition to the above, the Ludlow rocks of Britain and the 
Lower Helderberg beds of North America have yielded the 
remains of certain singular Crustaceans belonging to the 
extinct order of the Mu 7 ypterida. Some of these wonderful 
forms are not remarkable for their size 3 but others, such as 
Pterygofus Anghcus (fig. 65), attain a length of six feet or more, 
and may fairly be considered as the giants of their class. The 
Eurypterids are most nearly allied to the existing King-crabs 
{Limuli)^ and have the anterior end of the body covered with 
a great head-shield, carrying two pairs of eyes, the one simple 
and the other compound. The feelers are converted into 
pincers,^ whilst the last pair of limbs have their bases covered 
with spiny teeth so as to act as jaws, and are flattened and 
widened out towards their extremities so as to officiate as 
swimming-paddles. _ The hinder extremity of the body is com- 
posed of thirteen rings, which have no legs attached to them 3 
and the last segment of the tail is either a flattened plate or a 


the upper SILURIAN PERIOD. 1 25 

of skeleton are 

which the surface is adornedf and ^ scale-like markings with 
which look not at all unlike the 
scales of a fish. The most fam- 
ous locality for these great Crus- 
taceans is Lesmahagow, in Lan- 
arkshire, where many different 
species have been found. The 
true King-crabs {Limiilt) of exist- 
ing seas also apjiear to have been 
represented by at least one form 
{Neohmulus) m the Upper Silu- 
rian. 

Coming to the Mollusca^ we 
note the occurrence of the same 
gieat gioiips as in the Lower 
bilurian. Amongst the Sea- 
mosses {Polyzoa), we have the 
ancient Lace -corals {Fenestella 
with the nearly- 
and species of 
Phlodiciya (fig. 66) ; whilst many 
forms often referred here may 
probably have to be transfeiTed 
j Corals, just as some so- 
called Corals will ultimately be 
removed to the present group. 

The Brachiopods continued 
to flourish _ during the Upper 
oiluiian period in immense num- 
beis and under a greatly in- 

re! 

come mon numerous types which have now 

fet of tbplwi X and Pentamerus. In the 

dorsall ic; f • ?’ valves of the shell (the 

reot s&^ mterior with a pair of great cS 

rcous spires, which served for the support of the Inno- nnH 

sMefof th7m^;°^f 'f ' f " which were attached fo the 

^ mouth. In the genus Pentamerus (fig, 70) the 

orgaS, which wiav two long fleshy 

i, wmcii^cauy delicate fllaraents on tlieir sides, and which are 



T’k- ^S- — Pierygflins AngUcns, 
viewed from tiie under side, reduced 
m size, and restored, c c, Tlie feelera 
(antennaj), terminating- in nipping- 
ciaws ; ,3 tye.s ; ,« Three pairs of 
jointed Jimbs, with pointed extremi- 
ties ; un, Swimmjng-paddles, the bases 
of wliidi are spiny and act as jaws. 
Upper Silurian, Lanarkshire. (After 
Henry Woodward.) 
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shell is curiously subdivided in its interior by calcareous 
plates. The Pentameri commenced their existence at the very 



Fig. 66. — Upper Silurian Polyzoa. i, Fan-shaped frond ai Rhiuoftirn verritcosa', la, 
Portion of the .sttrface of the same, enlarged ; 2 and an, Phtemypora luisi/orDih, of the 
natural .size and enlarged ; 3 and 3^, HeloJ>ora fragitis, of the natural size and en- 
larged ; 4 and i,a, Ptilodictya raripara, of the natural size and enlarged. The speci- 
mens are all from the Clinton Formation (May Hill Group) of Cantida. (Original.) 


close of the Lower Silurian (Llandovery), and survived to the 
close of the Upper Silurian; but they are specially character- 
istic of the May Hill and Wenlock groups, botli in Britain 
and in other regions. One species, Peniavierus gnkatus, is 
common to Sweden, Britain, and America. Amongst the 
remaining Upper Silurian Brachiopods are the extraordinary 


usually coiled into a spiral. These organs are known as the “arms,” 
and it is from their presence that the name of Brachiopoda'^ is derived 
(Gr. irachion, arm ; podes, feet). In some cases the arms are merely coiled 
away wdthin the shell, vidthout any support ; but in other cases they are 
carried upon a more or less elaborate shelly loop, often spoken of as the 
“carriage-spring apparatus.” In the Spirifas, and in other ancient 
genera, this apparatus is coiled up into a complicated spiral (fig. 67). It 



Fig. &T.~-Spirifera hysterica. The right-hand figure shows the interior of the 
dorsal valve, with the calcareous spires for the support of the arms. 


is these ‘‘arms,” with or without the supporting loops or spires, which 
serve as one of the special characters distinguishing the Brachiopods from 
the true Bivalves [Lanidlibranchiaia). 
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TVimereUids; die old and at the same time modern Linailce 
Disame, and Cramce ; together with many species of A/ry/a 










Fig. 68. —Upper .Siluri.-in Bracliiopofls. an', Lt'Mtxa'lia r'v , 

Group America ; b b\ K/iym-bouMi ueffMir, Clinton Croup, AnicrR-i ^ c 'I ^ 

cimeata, Niapira Croup, America, and Wcniock Croup, llrita^n • d 
Mn, Llandeilo to Ludlow, America and Kurone- e X V/ 'i, 'jii <‘ipru- 
Group, America, and Llaudoverv and M.ay Hill Croups, 

Biliing^S tte AiTth'iil^^ ’ ^ America. (After Hall,’ 

(fig- fiS, <?), Rhynchonella (fig. 68 b c) 
Menstella (fig. 6g, a, e,f), ARiyn's, Rebzia, Chojietes^ &c.’ ’ ’ 



«4fN.V?a Gi^r Amtrit^^^^ 

Niag^a Group, Amenca ; d, s 'trobdonterMislirlbimP Britain, am 

America Meristella jwvifoj^nis Nin^rf 

G,ou,, 


largely repre- 
sented in the Upper Silurian. Apart from some singdar types, 


Ml 
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such as the huge and thick-shelled Megalomi of the American 
Wenlock formation, the Bivalves {Lainellibranc/iiata) present 



ittle of special interest j for though sufficiently numerous, they 
are raiely well preserved, and their true affinities are often un- 
certain. Amongst the most characteristic genera of this period 
may be mentioned Cardiola (fig. 71, A and C) and Ftcrinea (fig. 





71, B) though the latter survives to a much later date. The 

»^™erous, and a few charac- 
teristic forms are here figured (fig. 72). Of these, no genus 
IS perhaps more characteristic than Euo7nfhalMs (fig. 72 b) 

moun hnti examples of this 

g oiip are both of older and of more modem date Another 

fPeciallyin America, is 

ltdl itti i’nom “'“f si'di-ofteii hardly coiled up 

mou r T^rR ¥?■ “^"'■^dy-expanded, often sinuated 
mouth. The British Acrocuhce should probably be nhrerl 

ffi%1hrVioLu?aT regarded as^allied 

Violet-snails [lanthina) of the open Atlantic. The 
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species of (fig. /,) also ,,o,o„ t„ tho same 

&iraly; and the entire gurap is contill.ied lilro,|,d,o„t i ! 
Devonian into the Carhoniferous. Amongst other wdill.,™ 
Uppei Siluiian Gastcropods are species of the genera llolopca 




^^afvsc/iLwia (far, 72 ^f) 

phon, and the \\ingecl Snails, ox Plero- 

gigantic T/iercs 
a d Couu/aprs, which cliaracterise yet 
er depositvS, The commonest genus 
is TeuUm^/^/es (fm. 

73 . which clearly belongs liere, though 
It has commonly been regarded as the 
tubeofanAnnelide. The shellin this 
^oup IS a conical tube, usually adorned 
with piominent transverse rings and 
often with finer transverse or longituHl: 

Unnlr' Sir beds ?f the 

cuously over^daS surfaS*'^^^^ <3^ such tubes scattered promis- 


73 -— TeHiaailites ot-. 
Mains. Upper Silurian of 
Jitirope and N ortii America. 
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The last and highest group of the Mollusca — that of the 
Cephalopoda — is still represented only by Tetrahranchiate 
forms ; but the abundance and variety of these is almost 
beyond belief. Many hundreds of different sjDecies are known, 
chiefly belonging to the straight Orthocei-atites, but the slightly- 
curved Cyrtoceras is only little less eommon. There are also 
numerous forms of the genera Phragmoccras, Ascoceras, Gyro- 
ceras, Lituites, and Nautilus. Here, also, are the first-known, 
species of the genus Goniatites — a group which attains con- 
siderable importance in later deposits, and which is to be 
regarded as the precursor of the Anmionites of the Secondary 
period. 

Finally, we find ourselves for the first time called upon to 
consider the remains of undoubted vertebrate animals, in the 
form of Fishes, The oldest of these remains, so fiir as yet 
known, are found in the Low'^er Ludlow rocks, and they con- 
sist of the bony head-shields or bucklers 
of certain singular armoured fishes belong- 
ing to the group of the Ganoids^ repre- 
sented at the present day by the Stur- 
geons, the Gar-pikes of North America, 
and a few other less familiar forms. The 
principal Upper Silurian genus of these is 
Pteraspis, and the annexed illustration (fig. 
74) will give some idea of the extraordi- 
nary form of the shield covering the head 
in these ancient fishes. The remarkable 
stratum near the top of the Ludlow for- 
Ludlow rocks. (After niatiou knowii as the “ bone-bed has 
Murchison.) also yielded the remains of shark-like 

fishes. Some of these, for which the name 
of Onchus has been proposed, are in the form of com- 
pressed, slightly-curved spines (fig. 75, A), which would appear 




Shagreen-scales of TAMs. Both 
trom the bone-bed of the Upper Ludlow rocks. (After Murchison.) 


I'n f ^ nature of the strong defensive spines implanted 

the fins in many living fishes. Besides 
( A 1^^ found fragments of, prickly skin or shagreen 
{Sphagodus), along with minute cushion-shaped bodies (^helo- 
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dus, fig. 75, B)j which are doubtless the bony scales of some 
fish resembling the modern Dog-fishes. As the above mentioned 
remains belong to two distinct, and at the .same time highly- 
organised, -groups of the fishe.s, it is hardly likely that we are 
really presented here with the first exami)les of this great class. 
On the contrary, whether the so-called “Conodonts” should 
prove to be the teeth of fishes or not, we are justified in ex- 
pecting that unequivocal remains of this group of animals will 
still be found in the Lower Silurian. It is interesting, also, to 
note that the first appearance of fishes— the lowest class of 
vertebrate animals — so far as known to ns at present, does not 
take place until after all the great sub-kingdoms of invertebrates 
have been long in existence ; and there is no reason for think- 
ing that future discoveries will materially affect the relative 
order of succession thus indicated. 
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period. 


Between the summit of the Ludlow formal 
which are universally admitted to belong to 


and the strata 
Carboniferous 


DEVONIAN AND OLD RED riCRIOl). 


13. 


series is a great system of deposits, to which the name of « Old 
Red Sandstone was originally applied, to distinguisli them 
10m ceitain aienaceous strata which lie above the coal f'‘New 
Red Sandstone }. The Old Red Sandstone, proiierlv so 
called, was originally described and investigated as occinTiit? 
m Scotland and in South Wales and its boniers ; and sim Rr 
jrata occur m the south of Ireland. Subsequently it wa 
discovered that sediments of a different mineral nature and 
contaunng different organic remains, intervened betweendie 
Carbpnfferous rocks on the continent of Eu- 
rope, and strata with similar paleontological characters to 

comidcublo arta ia DevoalwlT e 
mT I ^ ™s applied to these deiMsits ; and this 

Me, by common usage, has come to l,e regarded as svnonv 
mous with the^ name of “ Old Red Sandstone.” LaS 
magnificent series of deposits, containing marine fossils and 

shire, Rh Jsh plustfa” !md Kance“Tfound toh™' 

Rrt p ^ ^1 felt in correlating the true Devon 

lan Rocks with the typical “ Old Red Sands tone ’’-this dS - 
culty arising from the firct that though both formado s 1 • > 
fossihferous the peculiar fossils of each have only bSi^rarH^ 
and partially found associated together. The clnracteristir 
austaeeans and many pf the draLteristic fi Ls of d "wd 
Red ate wanting ,n the Devonian; whilst the corals m d 
hnn^dhl^^ inthe for“e^^ n a 

of t^e ? . “ ‘'"’J’ '’isenssion as to tire merits 

of the controversy to which this difficulty lias given orimn 

Devonian *50?™’ ‘™PO''dnce and reality of the 

cal arS IV 1 a ’ deposits in two different geographi- 

th tvtSll n?r” conditions. On®thTriew, 

AmeriS a e?he dT" “'“"h “d North 

at anTrai ^ P'""''* of the Devonian period, or, 

land. ^ On ’1^^011^“?“ sediments formed far from 

Britain aid the “‘’i'- Red Sandstone” of 

main and the correspondmg "Gasp^ Group” of Eastern 
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Canada represent the shallow-water shore-deposits of the same 
period. In fact, the former of these last -mentioned de- 
posits contains no fossils which can be asserted positively 
to be marme (unless the Eurypterids be considered so) ; and 
it is even conceivable that it i-epresents the sediments of an 
inland sea. Accepting this explanation in the meanwhile, 
we may very briefly consider the general succession of the 
deposits of this period in Scotland, in Devonshire, and in 
North America. 

In Scotland the “ Old Red ” fonns a great series of arena- 
ceous and conglomeratic strata, attaining a thickness of many 
thousands of feet, and divisible into three groups. Of these, 
the Lower Old Red Sctndstoiie reposes with perfect conform- 
ity upon the highest beds of the Upper Silurian, the two for- 
mations being almost inseparably united by an intermediate 
series of passage-beds.^ In mineral nature this group con- 
sists principally of massive conglomerates, sandstones, shales 
and concretionary limestones ; and its fossils consist chiefly of 
large crustaceans belonging to the family of the Eurypterids, 
fishes, and plants. The Middle Old Red Sandsto?ie consists of 
flag.stpnes, bituminous shales, and conglomerates, sometimes 
^uth irregular calcareous bands ; and its fossils are principally 
plants. It may be wholly wanting, when the Upper 
Old Red to repose unconformably upon the lower divi- 
sion of the series. The Upper Old Red Sandstone consists of 
conglomerates and grits, along with a great" series of red and 
yellow sandstones~the fossils, as before, being fishes and re- 
mam.-, of plants. The Upper Old Red graduates upwards 
coirformably into the Carboniferous series. 

into^! of Devonshire are likewise divisible 

Dwonia}^T^} division. The Rower 

sto1.pT w,T? consists of red and purple sand- 

SandsteiT’InfT^’’^''^ J corresponding to the ‘‘Spirifer 
harie and ^ arenaceous deposits (Scho- 

Devlnim American 

of sandstones ox Ilfracombe Group consists 

limestones rontnl • calcareous slates and crystalline 

S If corresponds iith the 

Tiv with 1 rTT r" Continent, and, in a general 

North America and Hamilton group of 

consist; of rndsto1es\^^ralf'''"'''^\°^ 

rhfcontment^n?tkT‘°A" “Cypridina Shales" of 

. ith the Chemung and Portage gr oups of 
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North America. It seem.s quite possible, also, that the so 
called ‘ Carbomferous Slates” of Ireland correspond Jth 
this group, and that the former would be more pLerW^ 

prded as forming the summit of the Devonian tlvnf i-m 
base of the Carboniferous. ™un than the 

In no country in the world, probably, is there a fimn- 
or more complete exposition of the strata intervenimr 

of -r zj's s- r- 

the s^ene^n,ay be regarded ae being typically debit'd 

"n- Gt»'*aiid Schahark C/vit— Coiisideriiia tlip 

Or skaiiy Sandstone "as the stnmnit of the Upwill.rhn 
the base of the Devonian is constituted liv tlhi 
deposits known by the above namef wldch ie t ,d, "‘'’f 

Devordarof DevS”’ The alluTt 

cauaa-LraHi), which is of common occurrence in ilba rli 

^ 

senes of Hmehonffi usually ^{^ef^vwfSmkimWr’o” ^ 

(“SS^nLw hora) “rrh!" I''" ■’''‘"'P" ‘“mstone or dtert 
«7 feet i, . ^ *«^ronp rarely exc“ d, 

the remains of coLl? ‘hr'cofdf 

(" Genesee Slates ”1 at “L ton 

SefSs!“ “ i”ricUy dralged®"S^ ' 

thdy smpstoneZw^7fwlbtS'‘'‘ 

Jones f'' '“‘‘l 

Jpper Devonian of ^D^evo/shire'^ 
ucceeded by a vreat seri of !i‘ Chemung beds are 
u oy a great series of red sandstones and shales— the 
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^‘Catskill "—which pass conformably upwards into the 
Carboniferous, and which may perhaps be regarded as the 
equivalent of the great sandstones of the Upper Old Red in 

Throughout the entire series of Devonian deposits in North 
Amenca no unconformability or physical break of any kind 
has hitherto been detected ; nor is there any marked interrup- 
tion to the current of life, though each subdivision of the series 

^o^'^pletely natural line can thus be 
indicated, dividing the Devonian in this region from the Silu- 

ha^d Carboniferous on the other 

time, there is the most ample evidence, 
palmontological, as to the complete 
ndependence of the American Devonian series as a distinct 

ralte J "I'^Nined^ section (fig. 76 ) shows diagraminati- 
Amerka ' ^^"^ession of the Devonian rocks of North 

acwainted^^vitb^a period, we are now 

hS abundant terrestrial >r«— this 

caiablfof rlroncT ^ with a land vegetation 
ofSoert Un- resLrches 
fkSed^’ l^cf ’ p^^^uthers, and other botanists, 

nlS?s onlv . acquired of a large number of Devonian 

plants, only a few of whidi can be noticed here. As misrbt 

remains'of f vegetable 

obtained from such shallow- 

s^SnSorth ^ proper and the Gaspb 

th^smictlv r^’ P^^"^^t-life occur in 

mostly of a-nrobw'c^ numerous remains, 

So?p of tee sip-wf a comprehensive 

been recop-ni<?f>d a, large number of Ferns- have now 

(PeivMef'ts^ of the ordinary plant-like type 

othe^ beio 4 Sphe7iopte7is, &c.), wldfst 

ST BefdT/ ^^l ferns" 

dant development of tl,? • ^^^es these there is an abun- 

dmdroids, the “““ 'XPes of the Zejii/A- 

attained their all of which 

2fAl*‘*/a*-amaybereaarde?'^ CMboniferous. Of these, tire 
(4‘^editee^) i, rt^ , Club-mosses 

mosses and the Knes (Ca*r4“TLTe™Srro^Uha^^^ 
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Generalised Section of the Devonian Rocks of 
North America. 


\ y ’ • * • * ^ Catslcill Group. 


Chemung Group. 


'■ Portage Group. 


— Plamilton Group. 


Corniferous Limestone. 


ooooooaoao Schoharie Grit. 

Caucla-Galli Grit. 

0 ^ ^ o O *> 0 Oriskany Sandstone. 



Lower Heklerberg. 


J ? traces of many other plants (such as Anmdaria, 

Aster ophylhtes, Canhocarpn, &c.), which acquire a greater pre- 
dominance in the Carboniferous period, and which will be 
spoken of in discussing the structure of the plants of the Coal- 
measures. Upon the whole, the one plant which may be con- 
sidered as specially characteristic of the Devonian though not 
confin^ to this series) is the Psilophyton (fig. 77) of Dr Daw- 
_n. these singular plants have slender branching stems, 
wi 1 sparse needle-shaped^ leaves, the young stems being at 
^f°®^®t-fashion, like the young fronds of ferns, 
kvnust the old branches carry .numerous, spore-cases. The 
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stems and branches seem to have attained a height of two or 
three feet; and they sprang from prostrate “ root-stocks ” or 
creeping stems. Upon the whole, 
Principal Dawson is disposed to 
regard Psilophytoii as a “general- 
ised type” of plants intermediate 
between the Ferns and the Club- 
mosses. Lastly, the Devonian de- 
posits have yielded the remains of 
the first actual trees with which we 
are as yet acquainted. About the 
nature of some of these {Ormoxylon 
and Dadoxylon) no doubt can be 
entertained, since their trunks not 
only show the concentric I'ings of 
growth characteristic of exogen- 
ous trees in general, but their 
woody tissue exhibits under the 
microscope the “ discs ” which are 
characteristic of the wood of the 
Pines and Firs {see fig. 2 ). The 
singular _ genus Prototaxiies, how- 
ever, which occurs in an older por- 
tion of the Devonian series than 
the above, is not in an absolutely 
imchallenged position. By Prin- 
cipal Dawson it is regarded as the 
trunk of an ancient Conifer — the 
most ancient known ; but Mr 
Carruthers regards it as more pro- 
bably the stem of a gigantic sea- 
weed. The trunks of Prototaxites 
(fig. 78, A) vary from one to three 
feet in diameter, and exhibit con- 
centric rings of growth ; but its 
woody fibres have not hitherto 
been clearly demonstrated to pos- 

radiating snhes wMrl, 7 * bodies, with 

and which are termed chalk flints, 

are termed Xanth,d,a. These may be regarded 



77 — Restoration of Psilo- 
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as probably the spore-cases of the minute plants known as 
Desmidice. 



pores, highly magnified. Lower Devonian, Cauacla (After Da ws^i. ) 


The Devonian Protozoans have still to be fully investimt- 
lrr\ Sponges (such as Jstrci’osJ>onim, Splicer ospojigia, 

&c) aie not unknown;^ but by far the commonest repre- 
sentatives of this sub-kingdom in the Devonian strata are 
Stromatopora and its allies. These singular organisms (Up; 
79) are not only very abundant in some of the Devonian lime- 
stones— both in the Old World and the New— but they often 
_ ttam very large dimensions. Plowever much they may differ 
in minor details, the general structure of these bodies L that 

stpamteThv thin, calcareous larainm, 

^ by nairow interspaces, which in turn are crossed by 

celhikr^'f-rn?/''''^^ vertical_ pillars, giving the whole mass a 
cellular structure, and dividing it into innumerable minute 

Devonian Stroniato- 

porce also exhibit on their surface the rounded openings of 
tha?of hardly have served any other purpose than 

pari of the orgSi,.; ' 

No true Graptolites have ever been detected in strata of 
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Devonian age; and the whole of this group has become pv 
tinguished— unless we refer here the still surviving Dictyonen^ 




wrinfied^kfemSt tniercnlnia, showing the 

Portion.oftheTpperTurfa^^^^^^^^^ water-canals, of the natural size: i 

The however, are represented by a vast number 

Cot ah ^ beautiful forms and very varied tynes Thp 
Td^f Fr Devonian limestones of the EM 

anri calcareous strata of the Corniferous 

SeletoroMh^'^'^P' replete witHhe 

eSe tL rockln ^^ch so as to sometimes 

con.i:ae£ h soL L“ae g,7r“‘“S “ 

nWmifaNro 1 instances the Corals have preserved their 

“ hatrr^ and if theyL Saided 

SeS: origS ’ T*?! ■" all 

DevonJre tha “^^rblas of 

included cLTs\rcriy 

polished sections. In othl «sef S 7’“^ by means of 

srne“orSTn;s‘^Tr 

Often conte, by the action of'tiie 
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the enclosing rock in the boldest relief, exhibiting to the ob- 
server the most minute details of their organisation. As before, 



Fig. 80. Cysii^hylhim vesicitltmim, 
showmg a -succession of cups produced by 
budding from tlie original coral. Of the 
natural siz^ Devonian, America and 
Europe, (Onginal.) 


I'lg. 82 , — Heliophyllum exig^tum, view- 
ed from in front and behind. Of the natu- 
ral size. Devonian, Canada. (Original.) 


the principal representatives of the Corals are still referable to 
the groups of the littgosa and Tabulata. Amongst the Rugose 
^oup we find a vast number of simple “ cup-corals,” generally 
Jcnown by the quarrymen as horns,” fjom their shape. Of 
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Cyathophyllum, Helio- 
phyllmn (fig. 82), Zaphrentis (fig. 81), and CystiphylhiM (fig. 80), 

Tenprf T' abundantly represen ted-none oft hese 

HpvnniQ ■Heliophylhmi, being peculiar to the 

Lqp ro 1 numerous compound Rm 

species of Eridophyllum, Diphyphyl- 

Cvhfhoirf^^^'"^' and some of the forms of 

cmln^ ^ Crepidop/iyllum (fig. 83). Some of these 
ompound corals attain a very large size, and form of them^ 



Fig. S3. Portmn of a mass of Crepidophylhmi ^ rchiaci, of the natural size, 
-llamiUon hurmatiODj Canada. (After Billings.) 


selves regular beds, wliicli have an analogy, at any rate with 
existing coral-reefs, though there are grounds for believing that 

heinaffwf the modern reef-builders in 

being inhabitants of deep water. The “ Tabulate Corals ” are 

^ Devonian rocks than the Rugosa ; 

L the ^0 the latter 

form ^ aggregations which they sometimes 

The commonest, and at the same time the largest, of These 
dlL 8a forming the genus Favosites 

efLiL^l vernacular and their 

honfvcoLh their gi-eat likeness to masses of petrified 

llnSf^k W^t species are Favosdes Goth- 

landica and F hemispherua, both here figured, which form 

K acquired a popular name by its honey- 

combed appearance the resemblance of J/fr/.r/^Jto a fosS- 
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ised wasp’s nest with the comb exposed is hardly less strik 
ing, and has earned for it a similar recognition fi-om the 




_Fig.^S4.— Portion of a mass of Fnvo- 
(joihlaudfcay of the natural size 
Upper Silurian and Devonian of Europe 
and America. (Original.) 


of the natural size. Upper .Silu- 
Hii'iings ) America. (After 


non-sdentific public. In addition to tirae, there are mimer 
ous brancinng or plant-like Tabulate Corals, often of the Cs; 

StlM"” D-oniafi”31 

The Echinoderms of the Devonian period call for litili^ 
specianiotme hTanyof the Devonian limestoiS ar^^caS,! 
didir'/ Crinoids are the most abundant and widely- 

this^S cl'-'® in the deposits of 

recognised m the Devonian ; and their place is taken bv the 
allied gioup of the “ Pentremites/’ wliich Avill be further sooken 
of as occurring h, the Carboniferous rocks. O.^ e o^t I er 
he Star-fishes, Bnttle-stars, and Sea-urchins are ah con tS 

UpJS1ilurkn.“' «’<= P'-eceding 

Of the remains of Ringed-worms {Annelides), the most numpr 

calcJius'nedo ^rof 

e seaside can have failed to notice the little spiral tubes of 
i e Sk?f growing attached to shells, or coding 

Thp J f Sea-weeds (especially Fucus sef- 

the TTnnpr QU ” character occur not uncommonly from 

“to if fn efr" rocks, 

attached to tL? ^ common fossil, growing in hundreds 
outer surface of corals and shells, and appearing 
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in many specific forms (figs. 86 and 87) ; but almost All tire 
known examples are of small size, and are liable to escape a 

cursory examinl,tion. 

The Crustaceans of 
the Devonia^ are prin- 
cipally JCuT^jiterids and 
I rilobiiesr^ome of the 
former attain gigantic 
dimensions, and the 
quarrymen in the Scotch 
Old Red give them the 
name of “ seraphim,'’ 
from their singular 
scale - like ornamenta- 
tion. The Trilobites, 
though still sufficiently 
abundant in some local- 
ities, have undergone a 
yet further diminution 
since the close of the 
Upper Silurian. In both 
America and Europe 
quite a number of gen- 
eric types have survived from the Silurian, but few or no new 
ones make their appearance during this period in either the Old 


-0 


Fig, 87. — rt, Sfiirorhis oiuphalodcs, natural size 
and enlarged, Devonian, Kuroije and America; 
b, Spirorhh Arkomuisis, of the natural size and 
enlarged : c, The same, with tlie tube twisted in 
tlie reverse direction, Devonian, America. (Ori- 
ginal.) 




Fig. 88.— « b, Sjtirorbis laxns^ enlarged, Upper 
Silurian, America; c, Sphvrbis s^umlijern, of the 
natural .size and enlarged, Devonian, Canada. (Af- 
,ter Hall and the Author.) 



Fig. 88. — Devonian Trilobites (t, Phncops laii/rons, Devonian of Bntain, the Conti- 
nent of Europe, and South America; b, Hnmahnoius armatus, Europe; c, Phacops 
CPrimerocepkahti) lavis, Europe Head-shield of Phctcops (Paribockid) 

Europe. (After Salter and Burmeister.) 

World or the New. The sj>mes, however, are distinct ; and the 
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principal forms belong to the gQwtxd. Phacop (fig. 88, a, c, d), 
Homalonotus (fig. 88, b), Proehis, and Bronteus. The species 
figured above under the name of Phacop latifrons (fig. 88, «), 
has an almost world-wide distribution, being found in the 
Devonian of Britain, Belgium, France, Germany, Russia, Spain, 
and South America ; whilst its place is taken in North Ame- 
rica by the closely-allied Phacop rana. In addition to the 
Trilobites, the Devonian deposits have yielded the remains of 
a number of the minute Ostracoda, such as Entomis (‘‘ Cypri- 
dina"), Leperditia, &c., which sometimes occur in vast num- 
bers, as in the so-called “ Cypridina Slates” of the German 
Devonian. There are also a few forms of Phyllopods {Es- 
iheria). Taken as a whole, the Crustacean fauna of the 
Devonian period presents many alliances with that of the 
Upper Silurian, but has only slight relationships with that of 
the Lower Carboniferous. 

Besides Crustaceans, we meet here for the first time with 
the remains ol air-breathing Articulates, in the shape of Insects. 
So far, these have only been obtained from the Devonian 
rocks of North America, and they indicate the existence of at 
least four generic types, all more or less allied to the existing 
May-flies {Ephcmeridai). One of these interesting primitive 
insects, namely, Platepheniera antiqua (fig. 89), appears to have 
measured five inches in ex- 
panse of wing ; and another 
\Xenoneura antiquoruin) has 
attached to its wing the re- 
mains of a, “ stridulating- 
organ ” similar to that pos- 
sessed by the modern Grass- 
hoppers — the instrument, as 
Principal Dawson remarks, 
of “ the first music of living 
things that Geology as yet 
reveals to us.” 

Amongst the Mollusca, the Devonian rocks have yielded a 
great number of the remains of Sea-mosses {Polyzoa). Some 
of these belong to the ancient type Ptilodictya, which seems to 
disappear here, or to the allied Clathropora (fig. 90), with its 
fenestrated and reticulated fronds. We meet also with the 
graceful and delicate stems of Cejdopora (fig. 91). 

The majority of the Devonian Polyzoa belong, however, to 
the great and important Palaeozoic group of the Lace-corals 
{Fenestella, figs. 92 and 94, Retepora, fig. 93, Polypoi'a, and 
Iheiv ^llies^, In gll tlrese forms there is a horny skeleton, of a 



Fig. 8g. — Wing of PlatcJ>Ite>ncni 

Devonian, America. (After Daw.son.) 
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fan-like or funnel-shaped form, which grew attached by its 
base to some foreign body. The frond consists of slightly- 




ttig. gt. — Fragment of 
_ ^ Ccriojitn’a Hamiltonoisis, of 

natural size and enlarg- 

Fig. 90. — Fragment of Clathrofora hiiertexta, of the ed. Devonian, Canada. (Ori- 
natura) size and enlarged. Devonian, Canada. (Original.) ginal.) 


diverging or nearly parallel branches, which are either united 
by delicate cross-bars, or which bend alternately from side to 
side, and become directly united with one another at short 
intervals — in either case giving origin to numerous oval or 




Fig. 93.— Fragment of Reiepora 
PhtUipsi, of the natural size and 
enlarged. Devonian, Canada. (Ori- 



F'g. 92.— Fragment of Fenestella ntr^iifica, Fig. 94.— Fragment of FcncsicUa 
of the natural size aud enlarged. Devonian, cribroca, of the natural size and enlarg- 
Canada. (Original.) ed. Devonian, Canada. (Original.) 

oblong perforations, which communicate to the whole plant- 
like colony^ a characteristic netted and lace-like appearance. 
On one of its surfaces — sometimes the internal, sometimes the 
external — t]ie fropd carries a number of minute chambers or 
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“ cells/' which are generally borne in rows on the branches, 
and of which each originally contained a minute animal. 

The Brachiopods still continue to be represented in great 
force through all the Devonian deposits, though not occurring 
in the true Old Red Sandstone. Besides such old types as 
Orthis, Strophoinena^ Lingula^ Athyris, and RhynchoxuUa^ we 
find some entirely new ones ; whilst various types which only 
commenced their existence in the Upper Silurian, now under- 
go a great expansion and development. This last is especially 
the case with the two families of the SpiriferidcB and the Pro- 
diictidce. The Spirifirs, in particular, are especially character- 
istic of the Devonian, both in the Old and New Worlds— some 
of the most typical forms, such as Spirife?'a mucronata (fig. 96), 
having the shell “ winged," or with the lateral angles prolonged 



Fig. 95' — 

scul^ilis. Devonian, Ca- 
nada. (After Billings.) 



Fig. ^<Xi,—SJ>irifcra inucronnta. Devonian, America, 
(After Billings.) 


to such an extent as to have earned for them the popular name 
of “fossil-butterflies.” The closely-allied Spirifera disjuncta 
occurs in Britain, France, Spain, Belgium, Germany, Russia, 
and China. The family of the Productidcz commenced to exist 
in the Upper Silurian, in the genus Chonetes ; and Ave shall 
hereafter find it culminating in the Carboniferous in many 
forms of the great genus Producta * itself. In the Devonian 
period, there is an intermediate state of things, the genus 
Chonetes being continued in new and varied types, and the 
Carboiriferous Productcc being represented by many forms of 
the allied group ProducMla. Amongst other well-known De-. 
vonian Brachiopods may be mentioned the two long-lived and 
persistent types Atrypa reticularis (fig. 97) and Strophoniena 
rhomboidalis (fig. 98). The former of these commences in the 
Upper Silurian, but is more abundantly developed in the De- 
vonian, having a geographical range that is nothing less than 
world-wide; whilst the latter commences in the Lower Silurian, 

* The name of this genus is often written Froductiis, just as Spirifera 
is often given in the masculine gender as Spirifer (the name originally given 
to it). The masculine termination to these names js, however, grammati- 
cally incorrect, as the.feminin§ noun (ochlea (shell) is in thes? cas^s tmder-> 

Stood, PROPEHTY Of- 

CMNEGIt i)> TECNNOL 
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and, with an almost equally cosmopolitan range, survives into 
the Carboniferous period. 



Lhe IBivalves (^Lciincllth/'cifichintct^ of the Devonian call for 
no special comment, the genera Pterinea and Megalodon being, 




Fig. gi.StroJ>komeim rhomboidalU. Lower Silurian, Upper Silurian, and 
Devonian of Europe and America. 


perhaps, the most noticeable. The Univalves (Gasferopods), 
also, need not be discussed in detail, though many interesting 
forms of this group are known. Tine type most abundantly 
represented, especially in America, is Platyceras (fig. 99), 

comprising thin, wide - 
mouthed shells, probably 
most_ nearly allied to the 
existing “Bonnet-limpets,” 
and sometimes attaining 
very considerable dimen- 
sions. We may also note 
the continuance of the 
genus Etiomphalus, with 
its discoidal spiral shell. 
Amongst the Jffctero^pods, 

• . , , , , . the survival of Belierophon 

IS to be recorded ; arid m the “ Winged-snails,” or Ptnpods, we 
find new forms of the old genera TmtacutUis and Cmuluria 




Fig. 99j— Different views oi Platyceras dxc- 
■mosum, ofthe natural size. Devonian, Canada. 
COnginal.) 


* * 
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(fig. 100). The latter, with its fragile, conical, and often beauti- 
fully ornamented shell, is especially noticeable. 

The remains of Cephalopoda are far from uncommon in the 
Devonian deposits, all tlie known forms 
being .still Tetrabranchiate. Besides the 
ancient types Orthoceras and Cytioceras, 
we have now a predominance of the 
spirally-coiled chambered shells of Goni- 
atites and Clymenia. In the former of 
these the shell is shaped like that of the 
Natdilus; but the partitions betAveen the 
chambers (“septa”) are more or less 
lobed, folded, or angulated, and the 
“ siphuncle” runs along the back or con- 
vex side of the shell— these being char- 
acters which approximate Goinatites to 
the true Ammonites of the later rock.s. 

In Clymenia, on the other hand, whilst 
the shell (fig loi) is coiled into a flat „IS: TSd'SS’JZ 
spiial, and. the partitions or septa are nuytuium, ictimpt;. 
simple or only slightly lobed, there is still 
this difference,_as compared with the A^a/dilns, that the tulic of 
the siphuncle is placed on the inner or concave side of the 




Fig. xox.—Clynimda. SedgxvicMi. Devonian, Europe. 


shell, The species of Clpmeniq. are exclusively Devoniap ip 
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their range; and some of the limestones of, this period in 
Germany are so richly charged with fossils of this genus as to 
have received the name of “ Clymenien-kalk,” 

The sub-kingdom of the Vertebrates is still represented by 
Fishes only ; but these are so abundant, and belong to such 
varied types, that the Devonian period has been appropriately 
called the Age of Fishes.” Amongst the existing fishes there 
are three great groups which are of special geological import- 
ance, as being more or less extensively represented in past time. 
These groups are : (i) The Botiy Fishes (Teleostei), comprising 
most existing fishes, in which the skeleton is more or less com- 
pletely converted into bone ; the tail is symmetrically lobed or 
divided into equal moieties; and the scales are usually thin, 
horny, flexible plates, which overlap one another to a greater 
or less extent. (2) The Ganoid Fishes {Ganoidei), comprising 
the modern Gar-pikes, Sturgeons, &c., in which the skeleton 
usually more or less completely retains its primitive soft and 
cartilaginous condition ; the tail is generally markedly un.sym- 
metrical, being divided into two unequal lobes ; and the scales 
(when present) have the form of plates of bone, usually cov- 
ered by a layer of shining enamel. These scales may overlap ; 
or the}'' may be rhomboidal plates, placed edge to edge in 
oblique rows; or they have the form of large-sized bony plates, 
which are commonly united in the region of the head to form 
a regular buckler. (3) The Flacoid Fishes, or Elasmobra7ichii, 
compnsmg the Sharks, Rays, and Chimcei'CB of the present day, 
in which the skeleton is cartilaginous ; the tail is unsymmetri- 
cally lobed; and the scales have the form of detached bony 
plates of vax'iable size, scattered in the integument. 

It is to the two last of these groups that the Devonian fishes 
belong, and they are more specially referable to the Ganoids. 

I he order of the Ganoid fishes at the present day comprises 
but some seven or eight ^genera, the species of which princi- 
pally or exclusively inhabit fresh waters, and all of which are 
confined to the northern hemisphere. As compared, there- 
ore, with the Bony fishes, which constitute the great maiority 
forms, the Ganoids form but an extremely small and 
t otherwise, however, in Devonian 

rnmp'lntn fishes are not known to have 

nuted ^ ^ Ganoids held almost undis- 

Lnoid f the Devonian 

and thaV remains yet to be proved ; 

a fr.sh-wati deposit, stoce“lle 
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tain, and it contains no indubitable marine fos.siLs. It has 
been now shown, liowever, that the marine Devonian strata of 
Devonshire and the continent of Europe contain some of the 
most characteristic of the Old Red Han d.stonc. fishes of Hoot- 
Ipd; whilst the undoubted marine dc])osit of the Corniferous 
limestone of North America contains numerous shnrk-like and 
Ganoid fishes, including such a characteristic Old Red genus 
as Coccosteus. There can be little doubt, therefore, hut that the 
majority of the Devonian fishes were truly marine in their hahits," 
thougli it is probable that many of them lived in shallow water, 
in the immediate neighbourhooct of the shore, or in estuaries. ' 
Tlie Devonian Ganoids belong to a number of groups ; and 



^'^'rpnian rocks of America. Diaijram oftlie kws and teeth 
Dmichthys Hertspn, viewed from tlie front, and greatly reduced • b Oiaij-iTim or rlir. 

"I™.®' magnified J d, One of the scales of S3, 

tkefront teeth of the lower jaw of the same, of the imtiiral she’" / 
'Spine oi Macha>r(xcnnihns //iqfor, a shark-like fish, reduced insise. (AUer Newberi-yJ 

It is only possible to notice a few of the most important forms 
heie, Xne inodern group of the Sturgeons is represented^ 
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more or less remotely, by a few Devonian fishes — such as As- 
ierosteiis ; and the gre^t MacroJ>etalicht/iys of the Corniferous 
limestone of North America is believed by Newberry to belong 
to this group. In this fish (fig. 102, /;) the skull was of large 
size, its outer surface being covered with a tuberculated en- 
aniel ; and, as in the existing Sturgeons, the mouth seems to 
have been wholly destitute of teeth. Somewhat allied, also, to 
the Sturgeons, is a singular group of armoured fishes, which is 
highly characteristic of the Devonian of Britain and Europe, 
and less so of that of America. In these curious forms the 
head and front extremity of the body were protected by a 
buckler composed of large enamelled plates, more or less 
firmly united to one another ; whilst the hinder end of the body 
-was naked, or was protected with small scales. Some forms of 
this group— such as Pteraspis and Coccostcus—<\^\.t from the 
Upper Silurian ; but they attain their maximum in the Devo- 
nian, and none of them are known to pass upwards into the 
overlying Carboniferous rocks. Amongst the most character- 
istic forms of this group may be mentioned Ccphalaspis (fig. 
103) and Ptcnchthys (fig. 104). In the former of these the 



Fig. 103. CeyJmlas^is Lyellii. Old Red Sandstone, Scotland. (After Page.) 


liead-shield is of a crescentic shape, having its hinder angles 
backvvards into long “ horns,” giving it the shape of 
a saddler s knife. No teeth have been discovered : but the 
body was covered with small ganoid scales, and there was an 
? Pt<^richthys~yMz\ like the preced- 

tli/rpt firmly-united enamelled plates, whilst 

of the “ form 

?hane of?w?S'^^ was quite unique — these having the 
bv fineN somewhat like wings, covered 

by finely-tuberculated ganoid plates. All the precediig fonijs 
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of this group are of small size ; but few fishes, living or extinct, 
could rival the proportions of the great Dhiichthys^ referred to 



Fig. 104. — Pierichihys convutus. Old Rwl Sauclstonc, Scoiluud. (After Agiissiz.) 


this family by Newberry. In this huge fish (fig. 102, a) the 
head alone is over three feet in length, and the body is sup- 
posed to have been twenty-five or thirty feet long. I’he head 
was protected by a massive cuira.ss of bony ])latcH firmly articu- 
lated together, but the hinder end of the body seems to have 
been simply enveloped in a leathery skin. I'lie teeth are of 
the most formidable description, consisting in both jaws of 
serrated dental plates behind, and in front of enormous coni- 
cal tusks (fig. 102, a). Though immensely larger, the teeth of 
Dmichthys present a curious resemblance to those of the exist- 
ing Mud-fishes {Lepidosiren). 

In another great group of Devonian Ganoids, we meet with 
fishes more or less closely allied to the living Po/ypkrl (fig, 
105) of the Nile and Senegal. In this group (fig. 106) the 
pectoral fins consist of a central scaly lobe carrying tlie fm- 
rays on both sides, the scales being sometimes rounded and 
overlapping (fig. 106), or more commonly rhomboidal and 
placed edge to edge (fig. 105, A). Numerous forms of the.se 
“Fringe-finned” Ganoids occur in the Devonian .strata, such 
as HoloptycJmts, Glyptolcemns, Ostcol^pis^ Phaiu'ropd'ttrou., A'c;, 
To this group is also to be ascribed the huge Chiychodns (fig. 
102, d and e), with its large, rounded, oveiiajiping scales, an 
inch in diameter, and its powerful pointed teeth. It is to be 
remeiTibered, however, that some of these “ Fringe -finned ” 
Ganoids aie probably referable to the small but singular group 
of the Mud-fishes” {Dipnoi), represented at the present day 
by the singular Lepidosiren of South America and Africa, and 
the Ceratodus of the rivers of Queensland. 

Leaving the Ganoid fishes, it still remains to be noticed that 
r deposits have yielded the remains of a number 

of fishes more or less closely allied to the existing Sbark.s, 
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Rays, and Chimcsrcz (the Elasmobranchii). The majority of 
the forms here alluded to are allied not to the true Sharks and 



Dog-fishes, but to the more peaceable “ Port Jackson Sharks,’’ 
with their blunt teeth, adapted for crushing the shells of Mol- 
luscs. The collective name of “ Cestracionts ” is applied to 
these; and we have evidence of their past existence in the 



Fig. xo6.-Ho!cM'chms restored. Old Red Sandstone, Scotland 

, A, bcale of the same. 

Devonian seas both by their teeth, and by the defensive spines 

me hns. These are bony spines, often variously grooved 
sedated, or ornamented, with hollow bases, implanted in the 
integument, and capable of being erected Jr deprSed al wilT 
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Maiiy of these fin-spines have been preserved to ns in the 
fossil condition, and the Devonian rocks have yielded exaiiiples 
belonging to many genera. As some of the true Sharks and 
Ganoid, a, Kl even ,ou,c .Itony J.'i,!,™ 
possess similar defences, it is often a matter of some iiiu'er’ 
tainty to what group a given spine is to lie referred. Oiu- of 
tiiese spines, belonging to the genus from tlie 

5=.^% \ - “I--"'-"- 

rocks a "»'opondei.t system of 

Its successive strata the record of mi 

inclfoedlirf?^"*'-^”' f authorities have Lin 

which should be referred to tlie suimni? of d/' lj‘>Jt]y of beds 

clear, and where there c h' D^’^^^'iD^accession is not wliolJy 

organic remains of those two meiXrs’c^'df!^ 
known as the Ol/I P/a^T o i wliicJt 

rock, prop® Tte ^!~: T “ ''ovonian” 

and, as we have seen rnn h' howevei, is not ('ouiplele ; 

position that the one eroui/nf^''*^^ 

shallow water and littoral denosit/n?ii present^ us with the 
other we are introduced to the d o.> . period, wjnie in the 

same period. Nor can the , of ihe 

appeal to the ^foment 'fdh " Brh ,lf 
tespmony of tiise what k ''’r 

at present no sufficient Ground for iwu; there is 

irreconcilable discordance betwa diere is any 

and of life in Brilain ^ tbe succe.ssion of roc-ki 

the deposition of the Upoer I ndlnV^'^ winch elapsed between 
Carboniferous LimestS?" r 

nomena during the same n,. -mu • , same phe- 

the Devonian types of life ^as is i-h^ ^’o™e of 

tions, have descended unchanaed from 
pass upwards unchanged to tlfe sncrTi® 
fauna and flora of the’ Devonian nerfod Penod : but the 
Jstinct/rom those of the prec JdiiL Sdurtl? 1 
carboniferous j and they corresnond ^ succeeding* 

■ock-system, which in point of ^t?n^ equally distmcl 
position between the tio gre^ ^^ 0 ^° intermediate 
•-wo great groups ju&t mentioned. As 
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before remarked, this conclusion may be regarded as suffi- 
ciently proved even by the phenomena of the British area ; 
but it may be said to be rendered a certainty by the study of 
the Devonian deposits of the continent of Europe — or, still 
more, by the investigation of the vast, for the most part un- 
interrupted and continuous series of sediments which com- 
menced to be laid down in North America at the beginning of 
the Upper Silurian, and did not cease till, at any rate, the close 
of the Carboniferous. 
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CHAPTER XII. 

THJr CARBONIFEROUS PERIOD, 

Overlying the Devonian formation is tlie great anti imnort- 

bedrofl-nll ” Carbonifirms Mocks, so c.aliod booausc TOrkal.le 
beds of coal are more commonly and more largely developed 
in this formation than in any other. , Workable coal-sealms, 
owever, occLii 111 various other formations (Tura.s.sic, Crelace- 
01] .s. Tertiary) so that coal is not an excliusively Carboniferous 

bSi^ C«‘'^.l-i^ieasure.s themselves the coal 

beais hut a very small proportion to the total thickness of 

in I comparatively thin beds intercalated 

a great series of sandstones, shales, and other genuine 
aqueous sediments. S<-iiume 

12 
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Stratigraphically, the Carboniferous rocks usually repose 
conformably upon the highest Devonian beds, so that the line 
of demarcation between the Cai'boniferous and Devonian for- 
mations is principally a palaeontological one, founded on the 
observed differences in the fossils of the two groups. On the 
other hand, the close of the Carboniferous period seems to 
have been generally, though not universally, signalised by 
movements of the crust of the earth, so that the succeeding 
Permian beds often lie unconformably upon the Carboniferous 
sediments. 

Strata of Carboniferous age have been discovered in almost 
every large land-area which has been sufficiently investigated; 
but they are especially largely developed in Britain, in various 
parts of the continent of Europe, and in North America. 
1 heir general composition, however, is, comparatively speak- 
ing, so uniform, that it will suffice to take a comprehensive 
view of the formation without considering any one area in 
detail, though in each region the subdivisions of the formation 
are known by distinctive local names. Taking such a com- 
prehensive view, it is found that the Carboniferous series is 
generally divisible into a Lcnver and essentially calcareous 
gioup^^ (the ‘‘Sub-Carboniferous” or “Carboniferous Lime- 
stone”); a Middle and principally arenaceous group (the 
“ Millstone Grit”); and an Upper group, of alternating shales 
and sandstones, with workable seams of coal (the “ Coal- 
measures ”). 

I. The Carboniferous^ Sub- Cai'boniferous^ ox Mountain Lime- 
stone Series constitutes the general base of the Carboniferous 
system. As typically developed in Britain, the Carboniferous 
Limestone is essentially a calcareous formation, sometimes 
consisting of a mass of nearly pure limestone from 1000 to 
2000 feet^ in thickness, or at other times of successive great 
beds of limestone with subordinate sandstones and shales. 
In the north of England the base of the series consists of 
pebbly conglomerates and coarse sandstones; and in Scot- 
land generally, the group is composed of massive sandstones 
with a comparatively feeble development of the calcareous 
element. In Ireland, again, the base of the Carboniferous 
Limestone is usually considered to be formed by a locally- 
developed group of grits and shales (the “ Coomhola Grits” 
and Carboniferous Slate”), which attain the thickness of 
feet, and contain an intermixture of Devonian 
with Carboniferous types of fossils. Seeing that the Devonian 
tormation is generally conformable to the Carboniferous, we 
need feel no surpnse at this intermixture of forms ; nor does it 
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appear to be of great moment whether these strata 1)e referred 
to the former or to the latter series. Perhaps tlie most satis- 
factory course is to regard the Coomhola (Jrits and Carbon 
iferous Slates as passage-beds " between the ■.Devonian and 
Carboniferous j but any view that may be ta,ken us to I lie 
position of these beds, really leaves unaffected the intenrilv 
of the Devonian series as a distinct life-system, whicli, oirUie 
whole, IS more closely allied to the Silurian than to the ('ar- 
bomferous. In North America, lastly, the Sub-Carboniferous 
seiieS IS never purely calcareous, though in the interior of (lit' 
continent it becohies mainly so. In other regions, however' 
It consists principally of shales and sandstones, with subor- 
dinate beds of limestone, and sometimes with thin beds of 
coal or^deposits of clay-ironstone. 

IL The Millsfonc O-//.— The highest beds of the Carbon- 
iferous Limestone series are succeeded, generally with iierfect 

the Mil/stone Grit. As typically deve]o])c<l in Hritain this 
group consists of hard quai-tsosc sand.stoncs, often so 
grained and coarse in texture as to jiropcrly constitute fine 
conglomerates. In other cases there are reg^uW c ng on • 
ates sometimes with shales, limestones, and thin beds olToal -l 
le thickness of the whole series, when well develojied varvinn 
from looo to 5000 feet. In North America, thl MdlsRi e 
Grit raiely reaches 1000 feet in thickness ; and, like its Prit- 
ish equivalent, consists of coarse sand.stone.s and grits some- 
times with regular conglomerate.s. Whilst the Carboniferous 

III. The Coal-measures . — The CotI mpicnv,.,, , 1 

workable coS art bvTo IIZT T of 
inferior grouD of th/qni. r i m some areas in the 

measiires-the ki-ffS knn^ ^ obtained from the true Coal- 

tive coal-fields or the world ' bekg ti/crlTtSv?* 

America, and _ Belgium. Wherever thev 

limited excentions thp y aie found, witli 

fwa/ uuTSkv of ^ singular 

e ™ umiormity of nuueral composition. They consist, 
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namely, of an indefinite alternation of beds of sandstone, 
shale, and coal, sometimes with bands of clay-ironstone or beds 
of limestone, repeated in no constant order, but sometimes 
a.ttaining the enormous aggregate thickness of 14,000 feet, or 
little short of 3 miles. The beds of coal differ in number and 
thickness in different areas, but they seldom or never exceed 
one-fiftieth part of the total bulk of the formation in thickness. 
The characters of the coal itself, and the way in which the 
coal-beds were deposited, will be briefiy alluded to in speaking 
of the vegetable life of the period. In Britain, and in the Old 
World generally, the Coal-measures are composed partly of 
genuine terrestrial deposits — such as the coal — and partly of 
sediments accumulated in the fresh or brackish waters of vast 
lagoons, estuaries, and marshes. The fossils of the Coal- 
measures in these regions are therefore necessarily the remains 
either of terrestrial plants and animals, or of such forms of 
life as inhabit fresh or brackish waters, the occurrence of strata 
with marine fossils being quite a local and occasional phe- 
nomenon. In various parts of North America, on the other 
hand, the Coal-measures, in addition to sandstones, shales, 
coal-seams, and bands of clay-ironstone, commonly include 
beds of limestone, charged with marine remains, and indicating 
marine conditions. The subjoined section (fig. 107) gives, in 
a generalised form, the succession of the Carboniferous strata 
in such a British area as the north of England, where the series 
is developed in a typical form. 

As regards the life of the Carboniferous period, we naturally 
find, as has been previously noticed, great differences in dif- 
ferent parts_ of the entire series, corresponding to the different 
mode of origin of the beds. Speaking generally, the Lower 
Carboniferous (or the Sub-Carboniferous) is characterised by 
the remains of marine animals •, whilst the Upper Carbon- 
iferous (or Coal-measures) is characterised by the remains 
of plants and terrestrial animals. In all those cases, how- 
ever, in which marine beds are found in the series of the 
Coal-measures, as is common in America, then we find that the 
fossils agree in their general characters with those of the older 
marine deposits of the period. 

Owing to the fact that coal is simply compressed and other- 
wise altered vegetable matter, and that it is of the highest 
economic value to man, the Coal-measures have been more 
thoroughly explored than any other group of strata of equiva- 
lent thickness in the entire geological series. Hence we have 
already ^ very extensive acquaintance with the plants of the 
Carboniferous period 7 and our knowledge on this subject is 
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daily undergoing increase. It is not to be supposed, however 
that the remains of plants are found solely in the Coal! 


Generalised Section of the Carboniferous Strata 
OF THE North of England. 


Fig. 107. 
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measures; for though most abundant towards the summit, 
they are found in less numbers in all parts of the series. 
Wherever found, they belong to the same great types of vege- 
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tation ; but, before reviewing these, a few words must be said 
as to the origin and mode of formation of coal. 

The coal-beds, as before mentioned, occur interstratified 
with shales, sandstones, and sometimes limestones ; and there 
may, within the limits of a single coal-field, be as many as 8o 
or loo of such beds, placed one above the other at different 
levels, and varying in thickness from a few inches up to 20 or 
30 feet. As a general rule, each bed of coal rests upon a bed 
of shale or clay, which is termed the “under-clay,” and in 
which are found numerous roots of plants j whilst the strata 
immediately on the top of the coal may be shaly or sandy 
but in either case are generally charged with the leaves and 
stems of plants, and often have upright trunks passing vertically 
through them. When we add to this that the coal itself is 
chemically, nearly wholly composed of carbon, and that its 
nucroscopic structure shows it to be composed almost entirely 
of fragments of steins, leaves, bark, seeds, and vegetable debris 
derived from land-plants., we are readily enabled to understand 
how tlm coal was formed. The under - clay" immediately 
beneath the coal-bed represents an old land-surface— some- 
times, perhaps, the bottom of a swamp or marsh, covered 
with a luxuriant vegetation ; the coalbed itself represents the 
slow accumulation, through long periods, of the leaves, seeds, 
fruits, stems, and fallen trunks of this vegetation, now hardened 
and compressed into a fraction of its original bulk by the pres- 
sure of the superincumbent rocks ; and the strata of sand or 

shale above the coal-bed — the so-called “roof” of the coal 

represent sediments quietly deposited as the land, after a long 
period of repose, commenced to sink beneath the sea. On 
long-continued vegetation which gave 
rise to each coal-bed was ultimately terminated by a slow 
epression of the surface on which the plants grew. The 
land-surface then became covered by the water, and aqueous 
accumulated to a greater or less thickness upon 
tmnkfnf of decaying vegetation below, enveloping Ly 

nretrvfnl S and 

E ^ branches of 

Sr blonmSd^ T' land by streams, 

or blown into the water by the wind. Finally there set in n 

land ^in reappeared 
- -L j 'ater, a new and equally luxuriant vegetation 

wrScunEJ'''. -- “"S 

fashion Snnw’ preserv;-ed ultimately in a similar 

lashion. Some few beds of coal may have been formed bv 
drifted vegetable matter brought down into the ocean by riverf 
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and deposited directly on the bottom of the sea ; but in the 
majority of cases the coal is undeniably the result of the slow 
growth and decay of plants m situ ; and as the plants of' the 
coal are not marme plants, it is necessary to adopt some such 
theory as the above to account for the ‘formation of coal- 
seams. By this theory, as is obvious, we are compelled to 
suppose that the vast alluvial and marshy flats upon which the 
coal-plants grew were liable to constantly-recumng oscillations 
of level, the successive land-surfaces represented by the suc- 
cessive coal-beds of any coal-field being thus successively 
buried beneath accumulations of mud or sand. We have no 
need, however, to suppose that these oscillations affected large 
areas at the same time; and geology teaches us that local 
elevations and depressions of the land have been matters of 
constant occurrence throughout the whole of past time. 

All the varieties of coal (bituminous coal, anthracite, cannel- 
coal, &c.) show a more or less distinct “lamination” — that is 
to say, they are more or less obviously composed of successive 
thin layers, differing slightly in colour and texture. All the 
varieties of coal, also, consist chemically of carbon^ with vary- 
ing proportions of certain gaseous constituents and a small 
amount of incombustible mineral or “ ash.” By cutting thin 
and transparent slices of coal, we are further enabled, by 
means of the microscope, to ascertain precisely not only that 
the' carbon of the coal is derived from vegetables, but also, in 
many cases, what kinds of plants, and what parts of these, enter 
into the formation of coal. When examined in this way, all 
coals are found to consist more or less entirely of vegetable 
matter; but there is considerable difference in different coals as 
to the exact nature of this. By Professor Huxley it has been 
shown that many of the English coals consist largely of ac- 
cumulations of rounded discoidal sacs or bags, which are 
unquestionably the seed-vessels or “ spore-cases ” of certain of 
the commoner coal-plants (such as the Lepidodendrd). The 
best bituminous coals seem to be most largely composed of 
these spore-cases ; whilst inferior kinds possess a progressively 
increasing amount of the dull carbonaceous substance which is 
known as “mineral charcoal,” and which is undoubtedly com- 
posed of “ the stems and leaves of plants reduced to little 
more than their carbon.” On the other hand. Principal Daw- 
son finds that the American coals only occasionally exhibit 
spore-cases to any extent, but consist principally of the cells, 
vessels, and fibres of the bark, integumentary coverings, and 
woody portions of the Carboniferous plants. 

The number of plants already known to have existed during 
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the Carboniferous period is so great, that nothing more can be 
done here than to notice briefly the typical and characteristic 
groups of these— such as the Ferns, the Calamites, the Lepido- 
dendroids, the Sigillarioids, and the Conifers. 

In accordance with M. Brongniart’s generalisation, that 
the Paleozoic period is, botanically speaking, the “Age of 
Acrogens,” we find the Carboniferous plants to be still mainly 
referable to the Flowerless or “ Cryptogamous ” division of the 
vegetable kingdom. The flowering or “Phanerogamous” 
plants, which torm the bulk of our existing vegetation, are hardly 
known, with certainty, to have existed at all in the Carbon- 
iferous era, except as represented by trees related to the existing 



Fig. 108. Odo>iioj>teris Schloiheimii. Carboniferous, Europe and North America. 


Pines and Firs, and possibly by the Cycads or “false nalms 
Amongst the “ Cryptogams,” there is no more striking ’or 
beautiful group of Carboniferous plants than the Fer?is. ^Fe- 

exc'entionir"'' through the Carboniferous, but in 

herblrpnni ? Coal-measures, and include both 
arbomsrem the majority of existing species, and 

MaTd Tree-ferns of New 

are examnles of ^ together with some new types, 

are examples of the genera Fsaromus a.nd Cauhpteris, both of 

caiida-GaUi\ are rnmmnn ? ' (such as the Spirophyton 

according to the researSes of tS^kV^ 
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which date from the Devonian. The simply herbaceous ferns 
are extremely numerous, and belong to such widely-distributed 



Ffc 109-C. Wte Rocte, Europe uuj 

“ Neurotteris, Odontottms ffig 

tL S, Vnn Byrne^cphyttites, &c 

fossils known as CalannUs (fig. 109) are very common 
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in the Carboniferous deposits, and have given occasion to an 
abundance of research and speculation. They present them- 
selves as prostrate and flattened striated stems, or as similar 
uncompressed stems growing in an erect position, and some- 
times attaining a length of twenty feet or more. Externally, the 
stems are longitudinally ribbed, with transverse joints at regular 
intervals, these joints giving origin to a whorl of branchlets, 
which may or may not give origin to similar whorls of smaller 
branchlets still. The stems, further, were hollow, with trans- 
verse partitions at the joints, and having neither true wood nor 
bark, but only a thin external fibrous shell. There can be little 
doubt but that the Calamites are properly regarded as colossal 
representatives , of the little _ Horse-tails {Equisetacece) of the 
present day. ^ They agree with these not only in the general 
details of their organisation, but also in the fact that the fruit 
was a species of cone, bearing “ spore-cases ” under scales. 
According to Principal Dawson, the Calamiies “ grew in dense 
brakes on the sandy and muddy flats, subject to inundation, 
or perhaps even in water ; and they had the power of budding 
out from the base of the stem, so as to form clumps of plants, 
and also of securing their foothold by numerous cord-like roots 
proceeding from various heights on the lower part of the 
stem.” 

The Lepidodendroids^ represented mainly by the genus 
Leptdodendron itself (fig. no), were large tree-like plants, 
which attain their maximum in the Carboniferous period, but 
which appear to commence in the Upper Silurian, are well 
repiesented in the Devonian, and survive in a diminished form 
into the Permian. The trunks of the larger species of Lepido- 
deiidron at times reach a length of fifty feet and upwards, giv- 
ing off branches in a regular bifurcating manner. The bark 
IS marked with numerous rhombic or oval scars, arranged in 
quincunx order, and indicating the points where the long, 
needle-shaped leaves were formerly attached. The fruit con- 
sisted of cones or spikes, carried at the ends of the branches, 
and consisting of a central axis surrounded by overlapping 
scales, each of which supports a “spore-case” or seed-vessel 
r commonly been described under the name 

of Lepidostrobi. In the structure of the trunk there is nothing 
compa^raWe to Avhat is _ found in existing trees, there being 
a 1C ^ surrounding a zone principally composed of 
scalariform vessels, this m turn enclosing a large central pith. 
In their general appearance the Lepidodendra bring to mind 
the existing Araucarian Pines; but they are true “Crypto- 
^ms, and are to be regarded as a gigantic extinct type of the 
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rewdenf?':. rf ^is^bergli, Carboniferous, Europe. The central figure 
^ trunk with Its branches, much reduced in size. The right- 
“ portion of a branch with the leaves partially attached to it ; and the left- 
and figure represents the end of a branch bearing a cone of fructification. 

plants ; and the majority of the “spore-cases” so commonly 
found in the coal appear tp have been derived from the cones 
oj Lepidodendroids. 
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^^Sillarioids, represented mainly by Sigillaria 
tself (fig. Ill) were no less abundant and characteristic of the 
forests than the Lepidodendra. They commence 
ii,® ' “ ''"own, in the Devonian period, but 

t ey attain their m^imum in the Carboniferous; and-unlike 
me Lepidodendroids — they are not known to occur in the 

comparatively gigantic in size, 
often attaining a height of from thirty to fifty feet or more • 
lit though abundant and well preserved, great divergence of 
opinion prevails as to their true affinities. The namfof sUl 

is derived from the 

scm-s^ (fcr^ marked with seal-like impressions or leaf- 

Externally, the trunks ofSigi/Iaria present strong longitudinal 
ridges, with vertical alternating rows of oval leaf- scars indicating 




k“2r‘' 

an intermediate woody zone comnn<5PH outer bark, and 

partly of the disc hearino- ak according to Dawson, 

sisrsji's " i™ ‘-“i ~ 

m many cases the stamps and “ stcoTs "of i^k”^,Tandfaig 
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upright in the old Carboniferous swamps, were completely 
hoi owed out by internal decay, till nothing but an exterior 
shell of balk was left. Often these hollow stumps became 
ultimately filled up with sediment, sometimes enclosing- the 
remains ot galley-worms, land snails, or Amphibians, which 
foimeily found in the cavity ot the trunk a congenial home' 
and fioin the sandstone or shale now filling such trunks some 
of the most interesting fossils of the Coal-period have been 
obtained. There is little certainty as to either the leaves or 
fruits ot S/,i^ 7 /hna, and there is equally little certainty as to the 
true botanical position of these plants. By Principal Dawson 
they are regarded as lieing probably flowering plants allied to 
the existing fiil.se palms ” or “ Cyauis;" but the high author- 
ity of Mr CaiTiithers is to be quoted in support of the belief 
that they are Cryptogamic, and most nearly allied to the Club- 
mosses. 

Leaving the botanical position of Sigiilaria thus undecided, 
we find that it is now almost universally conceded that the 
fossils originally described under the name of Stigmaria are 
the of Sjgillaria, the actual connection between the two 
having been m numerous instances demonstrated in an unmis- 
takable manner, SiigmaricB (fig. 112) ordinarily present 
themselves m the form of long, compressed or rounded frag- 



Fig. ixz.—Siiffmaria/icoides. Quarter natural size. Carboniferous. 


ments, the external surface of which is covered with rounded 
pits or shallow tubercles, each of which has a little pit or de- 
piession m its centre. From each of these pits there proceeds, 
in perfect examples, along cylindrical rootlet; but in many 
cases these have altogether disappeared. In their internal 
structure, Stigmaria exhibits a central pith surrounded by a 
sheath of scalariform vessels, the whole enclosed in a cellular 
envelope. The Stigmaria are generally found ramifying in 
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the “under-clay,” which forms the floor of a bed of Coal, and 
which represents the ancient soil upon which the SigiUarice arew. 

the Lepuiodendroids and Sigillarioids, though the first were 
ceitainly, and the second possibly, Cryptogamic or flowerless 
plants, must have constituted the main mass of the forests of 
tlie Coal period; but we are not without evidence of the exist- 
ence at the same time of genuine “ trees," in the technical 
sense of this term^uamely, flowering plants with large woody 
^eins. So far as is certainly known, all the true trees of the 
Carboniferous formation were Conifers, allied to the existing 
Pines and Firs They are recognised by the great size and 
T woody rings of their prostrate, rarely erect trunks, 
rlpm presence of disc-bearing fibres in their wood, as 

demons bated by the microscope; and the principal genera 
which have been recognised are Dadoxylon, Falmxyhn, 
Amucanoxylon, and Their fruit is not known with 

sobite certainty, unless it be represented, as often conjectured, 
by Tngonocarpon (fig. 113). The fruits known under this 
name are nut-like, often of consider- 
able size, and commonly three- or six- 
angled. They probably originally pos- 
sessed a flesliy envelope ; and if truly 
referable to the Conifers, tliey would 
indicate that these ancient evergreens 
produced berries instead of cones, 
and thus resembled the modern Yews 
rather than the Pines. It seems, 
r j 1-1 further, that the great group of the 

^ and which 

attained such a striking prominence in the Secondary period, 

probably commenced its existence during the Coal period ; 
ut these anticipatory forms are comparatively few in number, 
an for the most part of somewhat dubious aflinities. 



- -a- “O' — Triffonocarpm 

Coal-measures, Britain. 
(After Lindley and Hutton.) 


CHAPTER XIII. 

THE CARBONIFEROUS PERIOD-Continued. 
Animal Life of the Carboniferous. 

mo^e oroririro?ril‘'’rP' V “ difference as to the 
moae ot origin of the Carboniferous sediments snmf- 

porelymarme. whilst others are terrestrial; and others! agataf 
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have been formed in inland swamps and morasses, or in brack- 
ish-water lagoons, creeks, or estuaries. A correspondiim d f- 
erence exists necessarily in the animal remains of these de- 
regions this difference is extremely well 
and striking. The great marine limestones which 
characteuse the lower portion of the Carboniferous series in 
Biitam, Europe, and the eastern portion of America and the 

iiftte wKtem ''P *'’= Cai-bonifcrons 

in tne western States ot America, may, and do often com-nin 

the remains of drifted plants ; but they are ^1!; chamc- 

^rat^d hi and, moreover, they can hi demon- 

strated by the microscope to be almost wholly comiiosed of 

On animals which formerly inhabited the ocean. 

S ! ^ ^ animal remains of the beds acconipany- 

ng the cod are typically the remains of air-breathing, terres- 
inhaVftT'i'n'^ or aerial animals, together with those which 

Id tt Vo “ay found 

m the Coal-measures, but they are invariably confined to sne- 

dons^of indicate temporary deprL- 

^ons of tl e land beneath the sea. Whilst the distinction here 
mentioned is one which cannot fail to strike the observer it is 
convenient to consider the animal life of the Carboniferous as 
a whole : and it is simply necessary, in so doing, to remember 

poit on of the system; whilst the air-breathing, fresh-water, and 
brackish-water forms are almost exclusively derived from the 

superior portion of the- same. . 

The Carboniferous Protozoa?is consist mainly of Foramini- 

bV? tVV ^^re still very insufficiently known, 

but the former are very abundant, and belong to very varied 
types, ^im slices of the limestones of the period, when ex- 
ammed by the microscope, very commonly exhibit the shells 
greater or less plenty. Some limestones, 
indeed, are made up of little else than these minute and elegant 
she Is, often belonging to types, such as the«*rextularians and 
Eotahans differing little or not at all from those now in exist- 
case for example, with the Carboniferous 
Limestone of Spergen Hill m Indiana (fig. 114), which is 
dmost wholly made up of the spiral shells of aVpecies of 
Bndothyra. In the same way, though to a less extent, the 
black Carboniferous marbles of Ireland, and the similar mar- 
limestones of the west of England and 
Derbyshire, and the great “ Scar Limestones ” of the north 
0 £ngla.nd, contain great numbers of Eoraminiferous shells • 
whilst similar organisms commonly occur in the shale-beds 
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associated with the limestones throughout the Lower Carbon 
iferous series. One of the most interesting of the British Car- 



Fig. 1 14, — Transparent slice of Carbon- 
iferous Limestone, from Spergen Hill, In- 
diana, U.S., showing numerou.s shells of 
Endoihyrn (^Rotalia), Baiteyi slightly en- 
larged. (Original.) 

Spain, similar forms occurring 
limestones which are found in 


bomferous forms is the Sac- 
cammina of Mr Henry Brady, 
which is sometimes present in 
considerable numbers in the 
limestones of N orthumberland, 
Cumberland, and the west 
of Scotland, and which is con- 
spicuous for the comparatively 
large size of its spheroidal or 
pear- shaped shell (reaching 
from an eighth to a fifth of an 
inch in size). More widely dis- 
tributed are the generally spin- 
dle-shaped shells of Misulma 
(fig. 1 1 5), which occur in vast 
numbers in the Carboniferous 
Limestone of Russia, Arme- 
_ nia, the Southern Alps, and 
in equal profusion in the higher 
;he Coal-measures of the United 



Fig. ii$.—Fusulina cylindrka. Carbon- 
iferous Limestone, Russia. 


States, in Ohio, Illinois, 
Indiana, Missouri, &c. Mr 
Henry Brady, lastly, has 
shown that we have in the 
Nummulina pristina of the 
Carboniferous Limestone of 


Namur a genuine Nummic- 
lite, precursor of the great and important family of the Tertiary 
Nummulites. 


The sub-kingdom of the Ccelenterates, so far as certainly 
known, is represented only by Corals;* but the remains of 
these are so abundant in many of the limestones of the Car- 
boniferous formation as to constitute a feature little or not at 
-all less copspicuous than that afforded by the Crinoids, As is 
the case in the preceding period, the Corals belong, almost 
exclusively, to the groups of the I^ugosa and Tabulata; and 
there is a general and striking resemblance and relationship 
between the coral-fauna of the Devonian as a whole, and that 


Mr T fossil has been described by Professor Martin Duncan and 

Jenkins from the Carboniferous rocks under the name of Palceocoryme, 
ana Has been referred to the Hydroid Zoophytes {Corynida). Doubt, 
refomce thrown by other observers on the correctness of this 
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of the Carboniferous. Nevertheless, there is an equally decid- 
ed and striking amount of difference between these successive 
faunas, due to the fact that the great majority of the Carbon- 
iferous species are new ; whilst some of the most cliaracteristic 
Devonian genera have nearly or quite disappeared, and several 
new genera now make their appearance for the first time. 
Thus, the characteristic Devonian types Heliophylhm, Pachy- 
phyllum, Chonophyllinn, Acervnhwia, Spongophyllum, Smithia, 
Pndqphyllnm, and Cystiphyllum, have now disappeared; and 
the great masses of Favosiies vfhxch. are such a striking feature in 
the Devonian limestones, are represented but by one or two 
degenerate and puny successors. On the other hand, we meet 
in the Carboniferous rocks not only with entirely new genera — 
such as Axophyllum, Lophophyllum^ and Londsdaleia — but we 
have an enormous expansion of certain types which had just 
begun to exist in the preceding period. 'I'his is especially 
well seen in the case of the genus Lithostrotion (fig. 116, h), 
which more than any other may be considered as the predo- 
minant Carboniferous group of Corals. All the species of 
Lithostrotion are compound, consisting either of bundles of 
loosely-approximated cylindrical stems, or of similar “coral- 
lites” closely aggregated together into astrasiform colonies, and 
rendered polygonal by mutual pressure. Tliis genus has a 
historical interest, as having been noticed- as early as in the 
year 1699 by Edward Lhwyd; and it is geologically important 
from its wide distribution in the Carboniferous rocks of both 
the Old and New Worlds. Many species are known, and whole 
beds of limestone are often found to be composed of little else 
than the skeletons of these ancient corals, still standing upright 
as they grew. Hardly less characteristic of the Carboniferous 
than the above is the great group of simifie “ cup-corals,” of 
which Clisiophylhm is the central type. Amongst types which 
commenced in the .Silurian and Devonian, but which are still 
well represented here, may be mentioned Syrmgopora {fyg. 116, 
e), with its colonies of delicate cylindrical tubes united at in- 
tervals by cross-bars; Zaphrentis (fig. 116, d), with its cup- 
shaped skeleton and the well-marked depression (or ‘Tossula”) 
on one side of the calice ; Amp/exus (fig, it 6, e), with its 
cylindrical, often irregularly swollen coral and short septa; 
Cyathophylhm (fig. 1 1 6, r?;). sometimes simple, sometimes form- 
ing great masses of star-like corallites ; and Chestetes, with its 
branched stems, and its minute, “tabulate” tubes (fig. n6,/). 
The above, together with other and hardly less characteristic 
forms, combine to constitute a coral-fauna which is not only in 
itself perfectly distinctive, hut which is of especial interest, 
18 
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composed disappeared u 
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in ^°“>ferous Limestone. «. Cyathophylltmi Paracida, show- 

oahe same -?en fn ^ «'> of the coralliles 

d n- f Fragment of a mass of Liihostrotion irre^ulan-. ■, 

dric^ coraf same divided transversely ; c, Portion of the simpb cylin- 
ancm coral of Amplexus corallotdes; d, Transverse section of the same snecies • d 

“fossula-on oL side orthe cup I 
Porttoflif thJ /; Fragment ofCAo’^e/^s ifum/dm-; }', 

Sn and Bel^™ ®"'^Igod From tie Carboniferous Limestone of 

tS AmhorO Thomson, De Komnck, Milne-Edwards and Haime, and 

iferous period. In the first marine sediments of a calcareous 
nature which succeeded to the Coal-measures (the mamesian 
limestones of the Permian), the great group of the 
corals^ which flourished so largely throughout the Silurian, De- 
vonian, and Carboniferoi^ periods, is found to have all but 
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disappeared, and it is never again represented save sporadi- 
cally and by isolated forms. 

Amongst the Echhwderms, by far the most important forms 
are the bea-lilies and the Sea-urchins— the former from their 
peat abundance, and the latter from their singular structure ; 
but the little group of the “ Pentremites ” also requires to be 
noticed. The Sea-lilies are so abundant in the Carboniferous 
rocks, that It has been proposed to call the earlier portion of 
the period the “ Age of Crinoids.” Vast masses of the lime- 
stones of the period are “ crinoidal,” being more or less ex- 
tensivdy composed of the broken columns, and detached plates 
and joints of Sea-lihes, whilst perfect “heads ” may be exceed- 
ingly rare and difficult to procure. In North America the re- 
mains of Cnnoids are even more abundant at this horizon than 
111 Britain, and the specimens found seem to be commonly 
more perfect. 1 he connnonest of the Carboniferous Crinoids 
belong to the genera Cyaihocnnus, Actinocrinus, Platycrimis, 


ililf 


Lower Carboniferous. The left-hand figure 
*0 figure next this shows the sur- 
M'Coy ) column. The right-hand figure shows the proboscis. (After 

117)1 Poteriocrmus, Zecict'inus, and FoThesiocrinus, Closely 
allied to the Crinoids, or forming a kind of transition between 
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these and the Cystideans, is the little group of the “ Pentre- 
mites,” or Blastoids (fig. 1 18). This group is first known to 



. fyri/orjnis, side-view of the body (“ calyx ; B, The same 

vieweo from belovv, showing the arrangement of the plates ; C, Body of Peniremites 
conotcieitSf viewed from above. Carboniferous. 


have commenced its existence in the Upper Silurian, and. it 
increased considerably in numbers in the Devonian j but it 
was in the seas of the Carboniferous period that it attained its 
maximum, and no certain representative of the family has been 
detected in any later deposits. The “ Pentremites ” resemble 
the Crinoids in having a cup-shaped body (fig. 118, A) enclosed 
by closely-fitting calcareous plates, and supported on a short 
stern or “ column,” composed of numerous calcareous pieces 
flexibly articulated together. They differ from the Crinoids, 
however, in the fact that the upper surface of the body does 
not support the crown of branched feathery “ arms,” which are 
so characteristic of th e latter. On the contrary, the summit of 
the cup is closed up in the fashion of a flower-bud, whence the 
^ name of Blastoidea applied to the group (Gr. ilastos^ 
a bud; eidos, fonn). From the top of the cup radiate five broad, 
transversely-striated areas (fig. ti8, C), each with a longitudi- 
nal groove down its middle; and along each side of each of- 
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these grooves there seems to have been attached a row of 
short jointed calcareous filaments or “ pinnules,” 

A few Star-fishes and Brittle-stars are known to occur in the 
Carboniferous rocks ; but the only other Echinoderms of this 
period which need be noticed are the Sea-urchins {Echifioids). 
Detached plates and spines of these are far from rare in the 
Carboniferous deposits ; but anything like perfect specimens 
are exceedingly scarce. The Carboniferous Sea-urchins agree 
with those of the present day in having the body enclosed in 
a shell, formed by an enormous number of calcareous plates 
articulated together. The shell may be regarded as, typically, 
nearly spherical in shape, with the mouth in the centre of the 
base, and the excretory opening or vent at its summit. In both 
the ancient forms and the recent ones, the plates of the shell 



ellipikus, one of the Carboniferous Sea-iircliins. The left- 
band figure shows one of the “ambulacral areas” enlarged, exhibiting tlie perforated 
plates. The right-l and figure exhibits a single plate from one of the "inter-ambulacral 
areas.” (After M'Coy.) 


are arranged in ten zones which generally radiate from the 
summit to the centre of the base. In five of these zones — 
termed the “ ambulacral areas " — the plates are perforated by 
minute apertures or “pores,” through which the animal can 
protrude the little water-tubes (“ tube-feet”) by which its loco- 
motion is carried on. In the other five zones — the so-called 
“ inter-ambulacral areas ” — the plates are of larger size, and 
are riot perforated by any apertures. In all the modern Sea- 
urchins each of these ten zones, whether perforate or imper- 
forate, is composed of two rows of plates j and there are thus 
twenty rows of plates in all.. In the Palaeozoic Sea-urchins, on 
the other hand, the “ ambulacral areas ’’are often like those 
of recent forms, in consisting of tivo rows of perforated plates 
(fig. 1 19); but th? “ inter-atnbulaGral areas” are always c^uitg 
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peculiar in consisting each of three, four, five, or more rows ( 
large imperforate plates, whilst there are sometimes four or te 
rows of plates in the “ambulacral areas” also: so that thei 
are many more than twenty rows of plates in the entire shel 
Some^ of the^ Palaeozoic Sea-urchins, also, exhibit a very peci 
liar singularity of structure which is only known to exist in 
very few recently-discovered modern forms (viz., Calveria an 
Fhormosoma). The plates of the inter - ambulacral area; 
namely, overlap one another in an imbricating manner, so a 
to communicate a certain^ amount of flexibility to the shell 
whereas in the ordinary living forms these plates are firml 
pticiilated together by their edges, and the shell forms a rigi( 
immovable box. The Carboniferous Sea-urchins which ex 
mbit this extraordinary peculiarity belong to the genera Lepi 
dechvms and Leptdesthes, and it seems tolerably certain tha 
a similar flexibility of the shell existed to a less degree ii 
the much more abundant genus Archaoddaris. The Carbon 
iferotis Sea-urchins, like the modern ones, possessed movabh 
spines of greater or less length, articulated to the exterior o 
the shell ; and these structures are of very common occur 
rence in a detached condition. The most abundant genert 
are Archceoddaris and Paladiimis ; but the characteristic 
American forms belong principally to Melonitcs^ Olimporus, 
and Lepidediinus. 

Amongst the Annelides it is only necessary to notice the little 
spiral tubes of SpiroiPis Carbonarius (fig. 120}, which are 


Fig. 120. Spirorhis (^Microconchui) Carhoitarhts, of the natur-il siV 
plant, and magnified. Carboniferous .Britain and North America 


attached to a fossil 
(After Dawson.) 




to toe leaves or stems of the Coal- 
plants Thts fact shows that though the modern species of 
Spirals are inhabitants of the sea, these old representatives 

Itil! Sn"' “"g in the brackish 

waters of lagoons and estuaries. 

The Crustaceans ol th. Carboniferous rocks are numerous, 
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and belong partly to structural types with which we are already 
familiar, and partly to higher groups which come into existence 
here for the first time. The gigantic Eitrypterids of the Upper 
Silurian and Devonian are but feebly represented, and make 
their final exit here from the scene of life. Their place, how- 
ever, is taken by peculiar forms belonging to the allied group 
of the Xip/iosimt, represented at the present day by the King- 
crabs or “ Horse-shoe Crabs ” {Limulus). Characteristic forms 
of this group appear in the Coal-measures both of Europe and 
America ; and though constituting three distinct genera {Prest- 
wichia, Belinurus, and Eupro'dps), they are all nearly related 
to one another. The best known of them, perhaps, is the 
Prestwichia rotimdata of Coalbrookdale, here figured (fig. 12 iV 
The ancient and for- 
merly powerful order 
of the T 7 'ilobites also 
undergoes its final ex- 
tinction here, not sur- 
viving the deposition 
of the Carboniferous 
Limestone series in Eu- 
rope, but extending its 
range in America into 
the Coal-measures. All 
the known Carbonifer- 
ous forms are small in 
size and degraded in 
point of structure, and 
they are referable to 
but three genera {Phil- 
lipsia, Griffit/iides, and 
JBrachymetoptis), be- 
longing to a single fa- 
mily. The PhilUpsia seminife^'a here figured (fig. 122, d) js a 
characteristic species in the Old World. The Water- fleas 
{Ostracoaa) are extremely abundant ip the Carboniferous rocks, 
whole strata being often made up of. little else than the little 
bivalved shells of these Crustaceans. Many of them are ex- 
tremely small, averaging about the size of a millet-seedy but a 
few forms, such Entornoconchiis Scotderiipig. 122, c), may attain 

a length of from one to three quarters of an inch. The old 
group of the Phyllopods is likewise still represented in some 
abundance, partly by tailed forms of a shrimp-like appearance, 
such as Dithyrocaris (fig. 122, <«'), and partly by the curious 
Striated Esther^ and their allies, which present n curioug 



Fig, 121 . — Prestmickia roiundfiifi, a Limulof 4 
Cinstacean. Coal-measures, Pritain. (After Henry 
Woodward.) 
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resemblance to the true Bivalve Molluscs (fig.- 122 /;) Lastly 
we meet for the first time in the Carboniferous rocks with the 
lemains of the highest of all the groups of Crustaceans — name- 
ly, the so-called Decapods,” in which there are five pairs of 
walking-limbs, and the hinder end of the body (“abdomen”) 
is composed of separate rings, whilst the anterior end is cov- 
med by a head-shield or “carapace.” All the Carboniferous 
Decapods hitheito discovered resemble the existing Lobsters, 



naturall^iL-Moant‘iurLime.^on?EiTO^^^^ «. semimfera, of ihe 

of the natural size and enlarged— Coal meLmCc of the shell of Estheria iendla, 

cniicfius Sdvilen, of the natural size— Mo3v’ ■' O Bivalved shell ai Eutomo- 

reduced in size-EtairLim^tnn. T ^^HJ^yrocaris 

enlarged-j-Coal-measures, North America' / ^ > O ■P'ttVwrrm typjcs, slightly 

BS'.'ftsssA”"'' <"«A."SS;”5icc;rS.« jt““aS! 

PalJa^is }^fus (fg. “P^ed tail-fin. The 

(fig. I '7 2 f) from trip -^nthra^alcRnion gracilis 

A . two of the 

representativ-ea nf ti preserved of the few known 

Se?o“series tL “ *e Car- 

l erous senes. The group of the Crabs or “ §hort-tailed ’’ 
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Decapods (Brachyura), in which the abdomen is short not 
terminated by a tail-fin, and tucked away out of sight beneath 
the oody, is at present riot known to be reirresented at all in 
the Carboniferous deposits. 

In addition to the water -in habiting' group of the Crustaceans 
we find the articirlate animals to be represented by members 
belonging to the air-breathing classes oi tht Aj-ac/inida, Myrm- 
poda, and Jnsccta. The remains of these, as might have been 
expected, are not known to occur in the marine limestones of 
the Carboniferous series, but are exclusively found in beds asso- 
crated with the Coal, which have been deposited in lagoons 
estuaries, or marshes, in the immediate vicinity of the land and 
which actually represent an old land-surface. The Arachnids 
are at present the olde.st known of their class, and are repre- 
sented both by true Spiders and Scorpions. Remains of the 
latter (fig. 123) have been found both in the Old and New 



Fig. r'^^.-Cyclophthahnmseitior. A fossil Scorpion from the Coal-measures 
of Bohemia. 


Worlds, pd Mcate the existence in the Carboniferous period 
of Scorpions differing but very little from existing fonns ^ The 
^oup of Mynapoda, including the recent Cmitipedes and 
Oalley-worms,ishkewiserepresented in theCarbonifero\xs strata 
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but by forms in many respects very unlike any that are known 
to exist at the present day. The most interesting of these 
were obtained by Principal Dawson, along with the bones of 
Amphibians and the shells of Land-snails, in the sediment filling 
the hollow trunks of Sigillaria, and they belong to the genera 
Xylobius (fig. 124) and Archiulus. Lastly, the true msects are 




^Sigillapts, a Carboniferous Myriapod, a, A specimen, of the 
’ 1 same, enlarged; c, Posterior portion, enlarged. 

i?rom the Co.al-measures of Nova Scotia. (After Dawson.) 


represented by various forms of Beetles {Cokoptera), Orthoptera 
(such as Cockroaches), and Neuropterous insects resembling 
those which we have seen to have existed towai'ds the close of 



Pig. 125. Ha;^lo^hlebium Baniesi, a Carboniferous insect, from the Coal-measures 
of Nova Scotia. (After Dawson.) 


the Devonian period. One of the most remarkable of the 
latter is a huge May-fly {ffaplophlebiuvi, JBcifnesi^ fig. J2^), with 
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tterefore ''mudi*''e*r'® -r” expanse of fully seven inches, and 
of size exceeding any easting Ephemerid in point 

The lower groups of the Afd/usm aie abundantly represented 
m the marine strata of the Carboniferous series by lAiW„ 


V 




size Ireland ; «' Small porlDn^'f tin- sklie 

a fragment, of tlie rmniral si/e Ire -tnd ** ’ 

^^1 The central Kcrewi-like axis of V / '"'‘'O'’ of ‘he Rtime, enlarged ; 

America; o', Portion of the extwior of £ 

the interior of the frond of the same slmljiiw if, ^ ^ c", Portion of 

M'Coy and Hall,) sliowmg the mouths of the cells, enlarged. (After 


other'ICill^A'^''-, Amongst the former, although a variety of 

ypes aie known, the majority still belona to tlie nlrl 

fSsSc fomiVo/wM some of the charac- 

leristic forms of which m here fi|urecl (fi^. 126). The graceful 
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netted fronds of Feneste/la, Retepom, and Polypora (fig. 126, d) 
are highly characteristic, as are the slender toothed branches 
of Glauconome (fig. 126, b). A more singular form, however, is 
the curious Archimedes (fig. 126, ^), which is so characteristic 
of the Carboniferous formation of North America. In this re- 
markable type, the colony consists of a succession of funnel- 
shaped fronds, essentially similar to Fenestella in their structure, 
springing in a continuous spiral from a strong screw-like vertical 
axis. 1 he outside of the fronds is simply striated ; but the 
branches exhibit on the interior the mouths of the little cells 
in which the semi-independent beings composing the colony 
originally lived. 

The Brachiopods are extremely abundant, and for the most 
part belong to types which are exclusively or principally 
Palaeozoic in their range. The old genera Sti'ophomena^ Orthis 
(fig. 127, c), Afhyris{^g. 127, e), Rhynchonella (fig. 127, ^), and 
Spirifera (fig. 127, //), are still well represented — the latter, in 
particular, existing under numerous specific forms, conspicuous 
by their a.bundance and sometimes by their size. Along with 
these ancient groups, we have representatives — for the first time 
in any plenty of the great genus Tei-ebratula (fig. 127, d), 
which underwent a great expansion during later periods, and 
still exists at the present day. The most characteristic Car- 
boniferous Brachiopods, however, belong to the family of the 
Prodndidce, of which the principal genus is Producta itself. 
This finnily commenced its existence in the Upper Silurian 
with the genus Chonefes, distinguished by its spinose hinge- 
margin. 1 his genus lived through the Devonian, and flourished 
in the Carboniferous (fig. 12'], f). The genus Producta itself, 
represented m the Devonian by the nearly allied Productella^ 
appeared first in the Carboniferous, at any rate in force, and 
survnved into the Permian ; but no member of this extensive 
lamily has yet been .shown to have over-lived the Palteozoic 
period. The Prodiicfce of the Carboniferous are not only ex- 
ceedingly abundant, but they have in many instances a most 
extensive geographical range, and some species attain what 
may fairly be considered gigantic dimensions. The shell (fig. 

generally more or less semicircular, with a 
straight hinge-margin, and having its lateral angles produced 
into larger or smaller ears (hence its generic \\w\t—^GocMea 
proruc a ). One valve (the ventral) is usually strongly convex, 

flat or concave, the surface of 
both being adorned with radiating ribs, and with hollow 

of great length. The valves are not 
locked together by teeth, and there is no sign in the fully- 
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grown sliell of an opening in or between the valves for the 
emission of a muscular stalk for the attachment of the shell to 
foreign objects. It is probable, therefore, that the Froductce, 
unlike the ordinary Lamp-shells, lived an independent exist- 
ence, their long spines apparently serving to anchor them 
firmly in tlie mud or ooze of the sea-bottom ; but Mr Robert 
Etheridge, jun., has recently shown that in one species the 


m 
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Fig. 127. — Carboniferous Brachiopoda. a, Producta semh-eiknlaia, showing the 
slightly concave dorsal valve ; a' Side view of the same, sliowing the convex ventral 
valve ; Producta longisphta', c, Orthis resupinata; d, Terebratnla hasiata', e, 
Athyris sitbiiliia ; /, Choneies Hardrensis ; g, Rhynchonella pleurodon) 4, Spirifcra 
trtgouatis. Most of these forms are widely distributed in the Carboniferous Limestone 
of Britain, Europe, Americ.% &c. All the figures are of the natural size. (After David- 
son, De Koninck, and Meek.) 

spines were actually employed as organs of adhesion, whereby 
the shell was permanently attached to some extraneous object, 
such as the stem of a Crinoid. The two species here figured 
are interesting for their extraordinarily extensive geographical 
range — Producta semiretiadata (fig. 127, a) being found in the 
Carboniferous rocks of Britain, the continent of Europe, 
Central Asia, China, India, Australia, Spitzbergen, and North 
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and South America; whilst P. longispina (fim 127 /h has a 
distribution little if at all less wide. ^ ^ ^ 

The higher Mollusca are abundantly represented in the 
Carboniferous rocks by Bivalves {Lamellibratichs), Univalves 

and Cephalopods. 

Smllonf Bivalves we may note the great abundance of 
Scallops {Avicnlopecten and other allied forms), together with 
numeioLis other types— some of ancient origin, others repre- 
sented here for the first time. Amongst the GasteropodTwe 
d the chaiacteristically Palmozoic genera Macrocheilus and 
Loxone 7 na,t\\t almost exclusively Palaeozoic Emmphalus, and 

UnivTvpf/^^^/^^r/ / whilst the free-swimming 

S Infi S ^•epj-eseiited hyBelkrophon andP^^rJ 

to the r?i hn'n f Conularia. Witli regard 

he firS . Univalves, it is also of interest to note here 

as discovp^prl air-breathing or terrestrial Molluscs, 

Nova ScrSn Coal-measures of 

tn? J r ^ome of these (Couu/ns prisms) are 

existing Zonites ; whilst others 
( pa vetiista, fig. 128) appear to be generically inseparable 

from the “ Chrysalis-shells ” 
{Pupa) of the present day. 
All the known forms — three 
in number — are of small size, 
and appear to have been local 
in their distribution or in their 
preservation. More import- 
ant, however, than any of the 
preceding, are the Cephalo- 
poda^ represented, as before, 
exclusively by the chambered 
shells of the Tetrabranchiates. 
The older and simpler type of 
these, with simple plain septa, 
and mostly a central siphuncle, 
is represented by the straight 
conical shells of the ancient 
genus Orthoceras, and the bow- 
shaped shells of the equally 
ancient Cyrtoceras — some of 
the former attaining a great size, 

.1 . The spirally-curved discoidal 

"e also not unknown, 

sions TisHv ,T T‘'’“ “nsiderable dimen- 

y, re more complex family of the AniuionitidcBf 



P>‘p(T- {Dmdropu/a)ve(iisia, 
a Carboniferous Land-snail from the Coal- 
measures of Nova Scotia, a, The shell, of 
the natural size The same, magnified; 

^ enlarged ; d. Portion 

of the surface, enlarged. (After Dawson.) 
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With lobed or angulated septa, and a dorsally-placed siphtaicle 
(situated on the convex side of the curved shells), now for the 
irst tune commences to acquire a considerable prominence 

( t,- 129), which commenced its existence in the Upper 

Silunan, IS well represented in the De- iT- ■ 

vonian, and attains its maximum here. 

In this genus, the shell is spirally 
curved, the septa are strongly lobed 
or angulated, though not elaborately 
mlled as in the Ammonites, and the 
siphuncle is dorsal. In addition to 
Go?itahtes, the shells of true Ammon- 
so characteristic of the Secondary 
period, have been described by Dr 
Waagen as occurring in the Carbon- 
iferous rocks of India. 




Coming finally to the Verteh'ata, -we ha.-ve m the first place 
to very briefly consider the Carboniferous Jis/m. These are 
numerous; but, with the exception of the still dubious “Cono- 
donts, belong wholly to the groups of the Ganoids md the 
riamds (including under the former head remains which per- 
haps are truly referable to the group of Dipnoi or Mud- 
nshes). Amongst the Ga 7 wids, the singular buckler-headed 
fishes of the Upper Silurian and Devonian {Cephalaspidm) have 
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apparently disappeared ; and the principal types of the Car- 
boniferous belong to the groups respectively represented at 
the present day by the Gar- pike {LeJ>idosieus) of the North 
Ameiican lakes, and the Polypterus of the rivers of Africa. Of 
the formei, the genera Palaoniscus and Aniblypterus (fig. 130), 



Fig. x2,o.—Avtblypencs vtacroytenis. Carboniferous. 


With their small rhomboidal and enamelled scales, and their 
^rongly unsymmetrical tails, are perhaps the most abundant. 
Of the latter, the most imjDortant are species belonging to 
the genera Megalichthys and Phizodus, comprising large fishes, 
with rhomboidal scales, unsymmetrical (“ heterocercal ”) tails, 
and powerful conical teeth. These fishes are sometimes said 
to be ‘‘ sauroid,” from their presenting some Reptilian features 
in their organisation, and they must have been the scourges 
of the Carboniferous seas. The remains of Placoid fishes in 
the Carboniferous strata are very numerous, but consist wholly 
of teeth and fin-spines, referable to forms more or less closely 
allied to our existing Port Jackson Sharks, Dog-fishes, and 
Kays, ihe teeth are of very various shapes and sizes, — some 
with sharp cutting edges {Pefalodus, Cladodus, Sic.) ; others in 
the form of broad crushing plates, adapted, like the teeth of the 
existing Port Jackson Shark {Cestracion Philippi), for breaking 
down the ha.rd shells of Molluscs and Crustaceans. Amongst 
^e kinds of these latter, the teeth of Psammodus and 
Loc/ilwdus{^^. 12,^ may be mentioned as specially charac- 
teristic. The fin-spines are mostly similar to those so common 
m the Devonian deposits, consisting of hollow defensive spines 
implanted in front of the pectoral or other fins, usually slightly 
curved, often superficially ribbed or sculptured, and not un- 
^mmonly serrated or toothed. The genera Ctmacanthus, 
Lryracanf/ms, Homacanthus, &c., have been founded for the 
reception of these defensive weapons, some of which indicate 
fishes of great size and predaceous habits. 


THE CARBONIFEROUS PERIOD. 1 89 

In the Devonian rocks we meet with no other remains of 
Vertebrated animals save fishes only j but the Carboniferous 
deposits have yielded re- 
mains of the higher group 
of the Amphibians. Iliis 
class, comprising our ex- 
isting Frogs, Toads, and 
Newts, stands to some ex- 
tent in a position midway 
between the class of the 
fishes and that of the true 
reptiles, being distinguished 
from_ the latter by the fact 
that its members invariably 
possess gills in their early 
condition, if not throughout life; whilst they are separated from 
the former by ahyays _ possessing true lungs when adult, and 
by the fact that the limbs (when present at all) are never in 
the form of fins. The Amphibians, therefore, are all water- 
breathers when young, and have respiratory organs adapted 
101 an aquatic mode of life ; whereas, when grown up, they 
develop lungs, and with these the capacity for breathing air 
directly. Some of them, like the Frogs and Newts, lose their 
gills altogether on attaining the adult condition; but others 
such as the living Proteus and Menobranchus, retain their gills 
even after acquiring their lungs, and are thus fitted indiffer- 
ently for an aquatic or terrestrial existence. The name of 
Amphibia, though applied to the whole class, is thus not 
precisely appropriate except to these last-mentioned forms 
(Gr. aniphi, both ; bios, life). The Amphibians also differ 
amongst themselves according as to whether they keep per- 
manently the long tail which they all possess when young (as 
do the Newts and Salamanders), or lose this appendage when 
grown up_(as do the Frogs and Toads). Most of them have 
naked skins, but a few living and many extinct forms have 
hard structures in the shape of scales developed in the integu- 
ment. All of them have well-ossified skeletons, though some 
fossil types are partially deficient in this respect ; and all of 
them which possess limbs at all have these appendages sup- 
ported by bones essentially similar to those found in the limbs 
of the higher Vertebrates. All the Carboniferous Amphibians 
belong to a group which has now wholly passed away — namely, 
that of the Labyrinthodonis. In the marine strata which form 
the base of the Carboniferous series these creatures have only 
been recognised by their curious hand-shaped footprints, similar 
14 



^3^* Teeth of Cochhodiis coHtovtus. 
Carboniferous Limestone, Britain. 
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in character to those which occur in theTriassic rocks, and which 
will be subsequently spoken of under the name of Chcirotherium. 
In the Coal-measures of Britain, the continent of Europe, and 
North America, however, many bones of these animals have 
been found, and we are now tolerably well acquainted with a 
considerable number of forms. All of them seem to have be- 
longed to the division of Amphibians in which the long tail 
of the young is permanently retained ; and there is evidence 
that some of them kept the gills also throughout life. The 
skull is of the characteristic Amphibian type (fig. 132, a), with 



natiiral^size Part o^e-sixth of the 

characteristic labyrinthine structure ^ highly magnified to show the 

half of the natur^ size ^ ^ integumentary shields or scales, one- 

lau 01 rne natural size. Coal-measures, Northumberland. (After Atthey ) 


two occipital condyles, and having its surface singularly pitted 
and sculptured; and the vertebra are hollowed out at both 
en s. ae lower surface of the body was defended by an 
armour of singular integumentary shields or scales (fig. 132, p): 
and an extremely characteristic feature (from which the entire 
f^i^^ enves its name) is, that the walls of the teeth are deeply 
folded, so as to give rise to an extraordinary “labyrinthine” 

rtrWif ^32, b). Many of the 

Carboniferous Labyrintho^nts are of no great size, some of 


I 
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them veiy small, but others attain comparatively gigantic 
dimensions, though all fall short in this respect of the huge 
examples of this group which occur in the Trias. One of the 
laigest, and at the same time most characteristic, forms of the 
Caiboniferous series, is the genus Anthracosaurus, the skull of 
which is here figured. 

No lemains of true Reptiles, Birds, or Quadrupeds have as 
yet been certainly detected in the Carboniferous deposits in 
any part of the world. It should, however, be mentioned, 
that liofessor Marsh, one of the highest authorities on the 
subject, has described from the Coal-formation of Nova Scotia 
ceitain veitebrm which he believes to have belonged to a 
marine reptile {Eosanpis Acadianus), allied to the great 
Ichthp)s(ntri of the Lias. Up to this time no confirmation 
of this determination has been obtained by the discovery of 
other and more unquestionable remains, and it therefore 
lemains doubtful whether these bones of Eosaurus may not 
really belong to large Labyrinthodonts. 
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CHAPTER XIV. 

THE PERMIAN PERIOD. 

The Permian formation closes the long series of the Palteo- 
zoic deposits, and may in some respects be considered as a 
kind of appendix to the Carboniferous system, to which it can- 
v!°ii importance, either as regards the actual 

bulk of its sediments or the interest and variety of its life- 
record. Consisting, as it does, largely of red rocks— sand- 
stones and marls — for the most part singularly destitute of 
organic remains, the Permian rocks have been regarded as a 
lacustrine or fluviatile deposit; but the presence of well-devel- 
oped limestones with indubitable marine remains entirely 
negatives this view. It is,_ however, not improbable that we 
are presented in the Permian formation, as known to us at 
present, with a series of sediments laid down in inland seas of 
great extent, due to the subsidence over large areas of the 
vaat land-surfaces of the Coal-measures. This view, at any 
rate, would explain some of the more puzzling physical char- 
acters of the formation, and would not be definitely negatived 
by any of its fossils. Jb 

Permian series, as already remarked, 
consists of sandstones and marls, deeply reddened by peroxide 
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of iion, and often accompanied by beds of gypsum or deposits 
of salt. ^ In strata of this nature few or no fossils are found j 
but their shallow-water origin is sufficiently proved by the 
piesence of the footprints of terrestrial animals, accompanied 
m some cases by well-defined “ripple-marks.” Along with 
these aie occasionally found massive breccias, holding larger 
or smaller blocks derived from the older formations; and these 
have been supposed to represent an old “ boulder-clay,” and 
thus to indicate the prevalence of an arctic climate. Beds of 
this nature must also have been deposited in shallow water. 
In all legions, however, where the Permian formation is well 
developed, one of its most characteristic members is a Mag- 
nesian limestone, often highly and fantastically concretionary, 
but containing numerous remains of genuine marine animals, 
and clearly indicating that it was deposited beneath a mod- 
erate depth of salt water. 

It is no't necessary to consider here whether this formation 
can be letained as a distinct division of the geological series. 
The name of Perviian was given to it by Sir Roderick Murchi- 
son, from the province of Perm in Russia, where rocks of this 
age are extensively developed. Formerly these rocks were 
grouped with the succeeding formation of the Trias under the 
common name of “New Red Sandstone.” This name was 
given them because they contain a good deal of red sandstone, 
and because they are superior to the Carboniferous rocks, 
while the Old Red Sandstone is inferior. Nowadays, how- 
evei, the teini “New Red Sandstone” is rarely employed, 
unless it be for red sandstones and associated rocks, which 
aie seen to overlie the Coal-measures, but which contain no 
fossils by which their exact age may be made out. Under 
these circumstances, it is sometimes convenient to employ the 
teini New Red Sandstone.” The New Red, however, of the 
older geologists, is now broken up into the two formations of 
the Permian and Triassic rocks— the former being usually con- 
sidered as the top of the Palaeozoic series, and the latter con- 
stituting the base of the Mesozoic. 

In many instances, the Permian rocks are seen to repose 
unconformably upon the underlying Carboniferous, from which 
they can in addition be readily separated by their lithological 
characters. In other instances, however, the Coal-measures 
terminate upwards in red rocks, not distinguishable by their 
mineral chaiacters from the Permian; and in other cases no 
physical discordance between the Carboniferous and Per- 
mian strata can be detected. As a general rule, also, the 
Permian rocks appear to pass upwards conformably into the 
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Iiias. The division, therefore, between the Permian and Tri- 
assie locks, and consequently between the Palmozoic and Me- 
founded upon any conspicuous or universal 
physical bieak, but upon the difference in life which is ob- 

nnllp marine animals of the Carboniferous 

ever^d observed, how- 

Moo-np ^ ^ T ® difference can be solely due to the ffct that the 

milv a ^ Permian series presents us with 

which ^ typical, portion of the marine deposits 

unkumi^rn accumulated in some area at present 

fornSn nfif period which elapsed between the 

ifeiouran/ri ^ of the Lower Carbon- 

the Middle Trias likewise calcareous sediments of 

Rrissh I'ocks exhibit their most typical features in 

narirof developed in 

well'devpfonpT’fi^^^^ America. When 

of sandstmfpc^’ they exhibit three mam divisions : a lower set 
UDoer spripQ cf ^ group, generally calcareous, and an 

M^dle aS uSer 

of “'“’=*'8 mainly of a great series 

of thri series’ if “ but usually red. The base 

faclf ed constituted by massive breccias with 

ha5,fff £ ^ the, older rocks, upon which they may 

theupper nordon^nf similar breccias sometimes occur in 

'rou fvSiJ^B a Tnnl H of this 

feet. ^ ^ ’ may amount to 3000 or 4000 

velopment'^'^ft.i-^Tf"^^^^^ their typical de- 
bybeds of map-npe;!^^ r o^ “marl-slate,” surmounted 

man aeowT^ Q ^ limestone (the “Zechstein ” of the Ger- 

wholll deffeient afTff ^^orestones are degenerate or 
and gypsiferous’davs THpT' 

the Middip Pci-m' ^ *■ magnesian limestone, however, of 
hat it wf fuff V f h™’"’ “ “Aed a feature 

anishales. ^/Tf^T^modfed f 

sometinies including beds o?llmesZf “d 

to the region^weS^M"’ the rocks appear to be confined 

veloped L Kansas. ^ Theif ^ especially well de- 
r exact limits have not as yet been 
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made out, and their total thickness is not more than a few 
hundred feet. They consist of sandstones, conglomerates, 
limestones, marls, and beds of gypsum. 

The following diagrammatic section shows the general 
sequence of the_ Permian deposits in the north of England, 
where the series is extensively developed (fig. 133): — 


Generalised Section of the Permian Rocks 
IN THE North of England. 


Fig. 133. 



The record of the life of the Permian period is but a scanty 
one, owing doubtless to the special peculiarities of such of the 
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deposits of this age with which we are as yet acquainted. Red 
ocks aie as a general rule, more or less completely unfossil- 

h^PeVraian S "’-f f characteristic of 

liiahlv ri?n a . “aguesiau limestones are rarely as 

fthly charged with organic remains as is the case with normal 

to subjected 

enl in if ^ T- “ to sitoh a marked ex- 

s a hcl d m r™ ‘“to^tonea Nevertlieless, much interest 
IS attached to the organic remains, as marking a kind of transi- 
tion-penod between the Palmozoic and Mesozoic epochs. 
tliJdWptcl ^ Permian period, as a whole, have a dis- 
nF aspect, and are far more nearly allied to those 

of the^ Coal.m.asures than they are to those of the em-lie? 

tincTfrom Permian spades are mostiydis- 

ThnV a a ^‘^^^.°‘^ifcrous, and there are some new genera. 

Astemhvims Calamites, Equisetites, 

A^re;qp/iyl/ites, Annularia, and other highly characteristic 

Urn Cmfl cef ®tTf other hand, the Sigillarioids of 
cihofifcff f ■ 'T' 5."^ '•'sappea.red at the close of the 
rock^ Ind behnf f =-bhndant in the Permian 

iSs hn«aflLi VP-”’S? P“ ''to well known Carbon- 
ic* f hCl ,5 Sphempteris, and Pecop- 

^mrcUnr^ll toe/eps referable to the undent gents 
ijaro 7 iim. The Conifers of the Permian period are numerous 

genus \owever^fs^Vf/ genera. A characteristic 

g us, however, is Walchia (fig. 134), distinguished by its lax 



Fig. "34— from the Permian of Saxony. 

a, branch , b, 1 wig. (After Gutbier.) ^ 


mMnlvf exclusively Permian, is 

mainly so, the best-known species being the W Hniformis 

ana which differ, therefore, m an important degree from tht 
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Coal-measure.s. Besides WaMia, a 

occ ; f i If m“ wllich 

occuis in tlic Magnesian Limestone of Durham, the Middle 

Peimian of Westmorland, and the “ Kupfer-schiefer ” of Ger- 

id to be so characteristic of the vegetation of the Secondary 
peiiod, IS, on the other hand, only doubtfully represented in 

singular genus Mix^irat/na. 

fr,v7i I ermian rocks are few in number, and 

n r imperfectly known. A few Foraminifera have 
been obtained from the Magnesian Limestone of England 

Sipv^ yielded some ill -undei stood 

tlfatlm^-> liowever, altogether impossible 

“concretions” of this formation may 
timately piove to have an organic structure, though others 
yotild appear to be clearly of purely inorganic origin. From 
tie Permian of Saxony, Profe.s.sor Geinitz has described two 

a lied to the existing fresh-water Sponges {Sfongilld). This 

noSof^°^V^“ interest as bearing upon the mode of de- 
position and origin of the Permian sediments. 

few f ^■^■“■esented in the Permian by but a 

to thp p ^ 1 Tabitiaie aiicl partly 

to the Fugose division; but the latter great group, so abiiii 

sTas “r Devonian, and Carboniferous 

IfvX .f J- ^-educed in numbers, the British 

stiata of this age yielding only species of the single genus 

So far, therefore, as at present known, all die 
chaiactenstic genera of the Rugose Corals of the Carboniferous 

The Echmodcrms are represented by a few Crmoids, and by a 
bea-urchiii belonging to the genus Eocidaris. The latter genus 

th-itthl/p^ the Carboniferous, so 

1 lat this Permian form belongs to a characteristically Palteozoic 
type. 

A few A^mdides {Spzrorbis,^ Vermilia, &c.) have been de- 
scribed, but are of no special importance. Amongst the 
Lrustaceans, however, we have to note the total absence of 
le great Palmozoic group of the Trilobites ; whilst the little 
Ostracoda and Phyllopods still continue to be represented. 
We have also to note the first appearance here of the ‘‘ Short- 
tailed Decapods or_ Crabs {Brachyurd), the higliest of all the 
groiq^s of Cmsiacea, in the person of Hemitrochisais paradoxus, 
an extremely minute Crab from the Pennian of Germany. 
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Amongst tlio Mollusco.^ the remains of JPolyzoa may fairly be 
said to be amongst the most abundant of all the fossils of the 
i eimian formation. The principal forms of these are the 
fronds of the Lace-corals {Fenestella, Retepora, and Synodadia), 
which aie^very abundant in the Magnesian Limestone of the 
north of England, and belong to various highly characteristic 
species (such as Fenestella retiformis^ Retepora Ehrenbcrgi^ and 
Synodadia virgidacea). ^ The Bradiiopoda are also represented 
111 modeiate numbers in the Permian. Along with species of 
the persistent genera^ Fiscma, Crania^ and Lingula^ we still 
meet with representatives of the old groups Spirifera, Athyris, 
and ^ Streptorhynchus ; and the Carboniferous Frodudce yet 
survive under well-marked and characteristic types, though in 
much-diminished numbers. The species of Brachiopods here 
figured (fig. 135) are characteristic of the Magnesian Limestone 
111 Britain and of the corresponding strata on the Continent. 




formati^on. Prodncta horridal h, Lingula 
, ^’^^o^^twaelongata, da.nAe,CamaroJ>horiaglobulma. (After King.) 


characteristic Permian Brachiopods 
phofda ° genera Froducta, Strophalosia, and Camaro- 

The Bivalves {Lamellibranchiata) have a tolerably varied 
development m the Permian rocks; but nearly all the old 
types, except some of those which occur in the Carboniferous, 

principal Permian Bivalves 
rp • groups of the Pearl Oysters {Aviculidm) and the 

represented by genera such as Bakewellia and 
Schizodus; the true Mussels {Myiilidd), represented by species 

represented by species of the genera Ana (fig. 136) 
nd Byssoatca. The first and last of these three families have 
very ancient origin; but the family of the Trigoniadee, though 
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feebly represented at tlie present day, is one which attained its 
maximum development in the Mesozoic period. 

The Ujiivalvcs {Gasteropoda) are rare, and do not demand 
special notice. It may be ob- 
served, however, that the Palmo- 
zoi a genera Enomphalus^ Mur- 
ch't'sonia, Loxoncnia^ and Macro- 
c/ieilus are still in existence, to- 
gether with the persistent genus 
Pkurotomaria, Pteropods of the 
old genera TAeea and Conida- 
ria have been discovered; but 
the first of these characteristi- 
cally Palaeozoic types finally 
dies out here, and the second 
only survives but a short time 
longer. Lastly, a few Cephalopods have been found, still wholly 
referable to the Tetrabranchiate group, and belonging to the old 
genera Orthoccras and Cyrtoccras and the long-lived Nautilus. 

Amongst Vertebrates., we meet in the Permian period not 
only with the remains of Fishes and Amphibians, but also, for 
the first time, with true Reptiles. The Fishes are mainly 
Ganoids.) though there are also '•emains of a few Cestraciont 



Fig. 136 . — Area nntiqna Permian. 



Sharks. Not only are the Ganoids still the predominant group 
of Fishes, but all the known forms possess the unsymnietrical 
(“heterocercal”) tail which is so characteristic of the Palaeozoic 
Ganoids. Most of the remains of the Permian Fishes have 
been obtained from the “ Marl-slate ” of Durham and the 
corresponding “ Kupfer-schiefer ” of Germany, on the horizon 
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of the Middle Permian ; and the principal genera of the 
P^<^oniscus and Platysomus (fig. 137). 

t-n Tpa of" Permian period belong principally 

to the Older of the Labyrmihodonts, which commenced to be 
Carboniferous, and has a large development 
tne i 1 las. _ Under the name, however, of Palceosiren Bcinerfi, 
Professor Gemitz has descnbed an Amphibian from the Lower 
^imian of Germany, which he believes to be most nearly 
allied to the existing “Mud-eel” {Siren lacertina) of North 
America, and therefore to be related to the Newts and Sala- 
manders ( Urodela). 

Permian deposits with the first un- 
doubted remains of true Reptiles. These are distinguished, as 
a class, from the Amphibians, by the fact that they are air- 
breathers throughout the whole of their life, and therefore are 
provided with gills; whilst they are exempt from 
0 amorphotiis which all the Amphibia undergo in early 
1 e, consequent upon their transition .from an aquatic to a 
moie or less purely aerial mode of respiration. Their skel- 
eton IS well ossified ; they usually have horny or bony plates, 
^°'^bination, developed in the skin; and their 
are never either in the form of fins or 

camcit these 

tufe Tfio f If ^ ^ modifications of form and stmc- 

there can be no doubt whatever as to tlie occur- 

mNn unquestionable Per- 

of tvnefwhfT "^1’ uncertainty as to the precise number 
ot_ types vhich may have existed at this period. This uncer- 
amty arises partly from the difficulty of deciding in all cases 

but 11 Labyrinthodont or Reptilian, 

but more especially from the confusion which exists at ores 

TiL ^ ?'« overlying Triassic deposits. 

have vklde/lh ™ 

he meaitblle I T?”'' oannot in 

IoS"id™S ^ I " Pateonlo- 

Sed w to. I oan be done m such cases is to be 

Mafbv toll .nffiT T themselves, and to 

hS rohl to ‘OS to remains from known Triassic or Per- 

them should ° formations the beds containing 

of nrocednrt I vl? “ obvious that this method 

dance, however, wirthl’ife'lll taMe”"de SI 
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Bristol will be considered as Triassic, thus leaving Protoro- 
satirus ^ as the principal and most important representative of 



Fig- 138- Pvotorosaurtts S^eneri, Middle Permian, Thuringia, reduced in size. 
(After Von Meyer.) [Copied from Dana.] 


the Permian Reptiles.f The type-species of the genus Pro- 
torosmirus is the Speneri (fig. 138) of the ‘aCupfer-schiefer" of 


. Though commonly spelt as above, it is probable that the name of this 
inzarcl was really intended to have been Proterosatirus — from the Greek 
plow os, first j and saura, lizard: and this spelling is follov'ed by many 


+ In an extrernely able paper upon the subject (Quart. Journ. Geol. 
■’ Mr Etheridge has shown that there are good physical 

grounds for regarding the dolomitic conglomerate of Bri.stol as of Triassic 
Continenr corresponding in. time with the Muschelkalk of the 
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detected in the 

Madd e Permian of Germany and the north of England. TJiis 

t7n Z T f feet ; and it has 

been generally referred to the group of the Lizards {Lacertilia), 

to which It IS most nearly allied in its general structure, at the 

existing members of this group 
Imrio f numerous conical and pointed teeth were 

nplanted in distinct sockets in the jaws— this being a Croco- 

?nnrn Ill Other respects, however, Protorosmirus 

‘S f Monitors ( ; and 

bodies of the vertebrie are slightly cupped or 

that the 

qtrnnh r fj^^tMic in Its habits. At the same time, the 
structuie of the hmd-limbs and their bony supiiorts proves 
clearly that at must have also possessed the^werof yogi e? 

deTciS f P ^^‘^'t)us other Reptilian bones have Len 

formation, of which some are pro- 

rea-arderl hvP^^ ^ A° f^^f^y^-'^^thodonts, whilst others are 
» referable to the order of the 

and ?psplhl!! ^ "tre implanted in sockets, 

Pf^rep^rn of carnivorous quadrupeds in consisting 

molars^ (namely, incisors, canines, and 

friesyirP l^afp K 'y sandstones of Permian age in Dum- 
p^r y havP tbe tracks of what would ap- 

rnnlrf nnt-T ^ (Tortoises and Turtles); but it 
evidence conclusion as certain upon the 

pvp7hp= °P a I C/ie/iWmus Puncam] how- 

on the Grhnnl ^ Y^Pinm Jardine in his magnificent work 
to the tLk of a^Lrfle resemblance 

det^y^dTn^dp have hitherto been 

aetectea in deposits of Permian age. 
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CHAPTER XV. 

TJI£: TRIASSIC PERIOD. 

We come now to the consideration of the great Mesozoic, or 
Secondary series of formations, consisting, in ascending order, 
of the Triassic, Jurassic, and Cretaceous systems. The Trias- 
sic group forms the base of the Mesozoic series, and coiTe- 
sponds with the higher portion of the New Red Sandstone of 
the older geologists. Like the Permian rocks, and as implied 
by its name, the Trias admits of a subdivision into three 
groups a Lower, Middle, and Upper Trias. Of these sub- 
divisions the middle one is wanting in Britain j and all have 
received German names, being more largely and typically de- 
veloped in Germany than in any other country. Thus, the 
Lower Trias is known as the JBunter Sandstein ; the Middle 
Trias is called the M uschelkalk ; and the Upper Trias is known 
as the Keuper. 

I. The lowest division of the Trias is known as the Bunter 
Sandstein (the Grh higarrk of the French), from the generally 
variegated colours of the beds which compose it (Gennan, 
bunt, variegated). The Bunter Sandstein of the continent of 
Europe consists of red and white sandstones, with red clays, 
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Tcor! fp j ^ ® attaining a thickness of about 

50 feet I he term “marl” is very generally employed to 
esignate the clays ol the Lower and Upper Trias; but the 
term is inappropriate, as they may contain no lime, and are 
t lerefore not always genuine marls. In Britain the Bunter 
andstem consists of red and mottled sandstones, with uncon- 
sohda ed conglomerates, or “pebble-beds,” the whole having 
a n ot 1000 to 2000 feet The Bunter Sandstein, as 

^ barren of fossils. 

iJ’ Trias is not developed in Britain, biit it 

‘ ‘ige y developed m Germany, where it constitutes what is 
known as the Miischelkalk {Germ. Musc/icl, mussel ; kalk, lime- 

rZmT if ' 11 of fossil shells which it contains, 

iiie Muschelkalk (the Calcmre mpdllicr oi the French) consists 

° yellowish limestones, sometimes dolomitic, 

occasional beds of gypsum and rock-salt 
T? 1 \ _U]4Der Tiias, ox Keupcr (the Mantes iriskes of the 
Trench), as it is generally called, occurs in England ; but is ' 
not so well developed as it is in Germany. In Britain, the 
Aeuper is 1000 feet or more m thickness, and consists of white 

^ed marls, the whole topped by 
red clajs with rock-salt and gypsum. 

Kleiiper in Britain is extremely unfossiliferous : but it 
?rn,m fff ® P^^’f^ot Conformity into a very remarkable 
g oup of beds, at one time classed with the Lias, and now 
known under the names of the Penarth beds (from Penarth, in 
Glaniorganshire), the Rluetic beds (from the Rhsetic Alps), or 

,(f'’om the occurrence in them of 
peat numbers of this peculiar Bivalve). These singular beds 

OTfoe ^^^^best beds of the Trias, 

rp, , beds of the Lias, or as an intermediate grouii. 

it besVtn °rnn^'H Continent, however, render 

l\fh uT as Triassic, as they certainly agree 

form the E ^t Cassian or Kdssen beds which 

* mi * °fjbe Trias in the Austrian Alps. 

Warwfokshhe^cJj^ff occur in Glamorganshire, Gloucestershire, 
anvickshire, Staffordshire, and the north of Ireland- and 

limLtonerand^°l”r^l of a small thickness of grey marls,\vhite 
InwSi K a surmounted conformably by the 

W ccS tl fl hr fossils Jhich 

Us slrf pI? *7' ?™lves CardmmRhmticum,Avicula 

but they have yielded many 

Uirslf F i important are the re- 

mains of Fishes and small Mammals {Microlestes). 

In the Austrian Alps the Trias terminates upwards in an 
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extraordinary series of fossiliferoiis beds, replete with marine 
fossils. Sir Cliarles Lyell gives the following table of these 
remarkable deposits : — 


Strata belozv the Lias in the Austrian Alps, in descending order. 


I. 


2. 


Koessen beds. 

(Synonyms, Upper St 
Cassian beds of Escher 
and Merian.) 


Dachstein beds, 


' Grey and black limestone, with calcareous 
marls having a thickness of about 50 
feet. Among the fossils, Tirachiopoda 
very numerous ; some few species com- 
mon to the genuine Lias j many pecu- 
< liar. Avictila contorta, Pecien Valo- 
niensis, Cardiwn Rhceticwn, Avicula 
inicquivalvis, Spirifer Milnstez'i, Dav. 
Strata containing tlie above fossils al- 
ternate with the Dachstein beds, lying 
. next below. 

^ White or greyish limestone, often in beds 
three or four feet thick. Total thick- 
ness of the formation aliove 2000 feet. 
Upper part fossiliferou!;, with some 
/ strata composed of corals [LUhoden- 
dron.) Lower portion witliout fossils. 
Among the characteristic slielLs are He- 
micardimn Wulfeni, Alegalodon iritjueter, 
, and other large bivalves. 


3. Hallstadt beds 

(or St Cassian). 


4. A. Guttenstein beds. 

B. Werfen beds, base of 
Upper Trias ? 
Lower Trias of some 
geologists. 


'Red, pink, or white marble.s, from 800 to 
1000 feet in thickness, containing more 
than 800 species of marine fossils, for 
•the moat part mollusca. Many sisecies 
* of Orthoceras. True Ammonites, besides 
Ceratites and Goniatites, Belemnites (rare), 
Poneltia, Pleurotoma 7 -ia, Ti'ochus, Mono- 
^ tis salinaria, &c, 

' A. Black and grey lime- 
stone 150 feet thick, al- 
ternating with the un- 
< derlying Werfen beds. 

B. Red and green shale 
and sandstone, with 
salt and gypsum. 


Among the fossils 
are Ceratites 
cassintuis^ My- 
acites fassaeu- 
sis, Naticet/a 
cosinta, &c. 


In the United States, rocks of Triassic age occur in several 
areas between the Appalachians and the Atlantic seaboard ; 
but they show no such triple clivi.sion as in Germany, and their 
exact place in the system is uncertain. The rocks of these 
areas consist of red sandstones, sometimes shaly or conglomer- 
atic, occasionally with beds of impure, ilimestbne. Other more 

extensive areas where Triassic rocks appear at the surface, are 
found west of the Mississippi, on the slopes of the Rocky Moun- 
tains, where the beds consist of sa,ndstones and gypsiferous 
15 
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vSri cl'iefly remarkable for havina 

numerous fooqmim\° whiXlIa’l^rgenall^^^^^ 

maticVannef’tb'i “Passes, in a diagram- 

fnuv a? 1 ’ f sequence of the Triassic rocks when 

fully developed, as. for example, in the Bavarian Alps :- 

Generalised Section of the Triassic Rocks of 
Central Europe. 

Fig- 139 - 

1 ( Upper Keuper (Kossen of 

^ ) RlivTtic beds, and Dacli- 

( stein beds). 


Middle Keuper (Hallstadt 
or St Cassian beds). 



w . 

►4 w 

« 5 , 
9 


r 


oi 

o 


uL-'i II I I II n ii 1 

T II II nr 


II II II 


DTr II II r 


■ II II II 


li H II II ii II ii ttI 

\\ N 11 II II * ii " 


-1 II II II 



P O O V 




Cf 0 9 9 O<»oo 


O a O o -O 


Lower Keuper (Keuper 
Sandstones proper). 


I Musclielkalk. 


'J 




(Bunter Sandstein. (Gutten- 
( stein and Werfen beds ?) 


With regard to the life of the Triassic period, we haw 
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notice a difference as concerns the different members of the 
group similar to tliat which has been already mentioned in 
connection with the Permian formation. The arenaceous 
deposits of the series, namely, resemble those of the Permian, 
not only in being commonly red or variegated in their colour, 
but also in their conspicuous paucity of organic remains. 
They for the most part are either wholly imfossiliferous, or 
they contain the remains of plants or the bones of reptiles, 
such as may easily have been drifted from some neighbouring 
shore. I'he few fossils which may be considered as properly 
belonging to these deposits are chiefly Crustaceans {Estheria) 
or Fishes, which may well have lived in the waters of estuaries 
or vast inland seas. We may therefore conclude, with con- 
siderable probability, that the barren sandy and marly accumu- 
lations of the Bunter Sandstein and Lower Keiiper were not 
laid down in an open sea, but are probably brackish-water 
deposits, formed in estuaries or land-locked bodies of salt 
water. This at any rate would appear to be the case as regards 
these members of the series as developed in Britain and in 
their typical areas on the continent of Europe; and the origin 
of most of the North American Trias would appear to be 
much the same. Whether this view be correct or not, it is 
certain that the beds in question were laid down in shallow 
water, and in the immediate vicinity of land, as shown by the 
numerous drifted plants which they contain and the common ' 
occurrence in them of the footprints of air-breathing animals 
(Birds, Reptiles, and Amphibians). On the other hand, the 
middle and highest members of the Trias are largely calca- 
reous, and are replete with the remains of undoubted marine 
animals. There cannot, therefore, be the smallest doubt but 
that the Muschelkalk and the Rhaetic or Kossen beds were 
slowly accumulated in an open sea, of at least a moderate 
depth ; and they have preserved for us a very considerable 
selection from the marine fauna of the Trias.sic period. 

The plants of the Trias are, on the whole, as distinctively 
Mesozoic in their aspect as those of the Permian are Palaeo- 
zoic. In spite, therefore, of the great difficulty which is ex- 
perienced in effecting a sati.sfactory stratigraphical separation 
between the Permian and the Trias, we have in this fact a 
proof that the two formations were divided by an interval of 
time sufficient to allow of enormous changes in the terrestrial 
vegetation of the world. The Lepidodendroids, Astei-ophyllites, 
and ’Annularia, of the Coal and Permian formations, have now 
apparently wholly disappeared ; and the Triassic flora consists 
mainly of Ferns, Cycads, and Conifers, of which only the two 
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last need special notice. The Cycads (fig. 140) are true exo- 
genous plants, which in general form and habit of growth pre- 



Pig. xifi—Znmia spiralis, a living Cycad. Australia. 


sent considerable resemblance to young Palms, but which in 
reality are most nearly related to the Pines and Firs {Coni/erce). 
The trunk is unbranched, often much shortened, and bears a 
crown of feathery pinnate fronds. The leaves are usually 
“ circinate ” — they unroll in expanding, like the fronds of 
ferns. The seeds are not protected by a seed-vessel, but are 
borne upon the edge of altered leaves, or are carried on the 
scales of a cone. All the living species of Cycads are natives 
of warm countries, such as South America, the West Indies, 
Japan, xAustralia, Southern Asia, and South Africa. The 
remains of Cycads, as we have seen, are not known to occur 
in the Coal formation, or only to a very limited extent towards 
its close; nor are they known ^vith certainty as occurring in 
Permian deposits. In the Triassic period, however, the re- 
mains of Cycads belonging to such genera as Pterophylluin 
(fig. 141, b), Zaniites, and Podozamites (fig. 141, c), are suffi- 
ciently abundant to constitute quite a marked feature in the 
vegetation; and they continue to be abundantly represented 
throughout the whole Mesozoic series. The name “Age of 
Cycads,’ as applied to the . Secondary epoch, is therefore, 
fiom a botanical point of view, an extremely appropriate one. 
I he Conifers of the Trias are not uncommon, the principal 
form being (fig. 141, a\ which possesses some peculiar 

characters, but would appear to be most nearly related to the 
recent Cypresses. 

1 regards XhtPiiyeidebrate animals of the Trias, our know- 
principally derived from the calcareous beds 
which constitute the centre of the system (the Muschelkalk) 




are represented by Foraminifera and Spdnges, and the Co^Ien- 
ierates by a small number of Corah; but these require no 
special notice. It may be mentioned, however, that the great 
Palaeozoic group of the Rugose corals has no known repre- 
sentative here, its place being taken by corals of Secondary 
type (such as Montlivaltia, Synastrcea, &c.) 

The Echmoderms are represented principally by Cidnoids, 
the remains of which are extremely abundant in some of the 
limestones. The best-known species is the famous “ Lily- 
Encrinite” {Enerinm Uliiformis, fig. 142}, which is character- 
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istic of the Muschelkalk. In this beautiful species, the flower- 
like head is supported upon a rounded stem, the joints of 
which are elaborately articulated with one 
another ; and the fringed arms are com- 
posed each of a double series of alter- 
nating calcareous pieces. The Palaeozoic 
Urchins, with their supernumerary rows of 
plates, the Cystideans, and the Pentremites 
have finally disappeared ; but both Star- 
fishes and Brittle-stars continue to be rep- 
resented. One of the latter — namely, the 
AsJ)idu?'aloricatao{ (ng. 143) — is 





P'g- 143- — Asj>idnra loricnta, a Tria.ssic Ophiuroid. 
Muschelkalk, Germany. 

highly characteristic of the Muschelkalk. 

The remains of Articulate Animals are 
not very abundant in the Trias, if we except 
the bivalved cases of the little Water-fleas 
(Ostracoda), which are occasionally very 
plentiful. There are also many species 
of the horny, concentrically-striated valves 
of the Estheria (see fig. 122, b), which 
might easily be taken for small Bivalve 
Molluscs. The “ Long-tailed ” Decapods, 
of the type of the Lobster, are not with- 
out examples, but they become much more 
. _ numerous in the succeeding Jurassic pe- 

riod. Remains of insects have also been discovered. 

Amongst the Mollusca we have to note the disappearance, 
amongst the lower groups, of many characteristic Palaeozoic 
Polyzoans, the characteristic “Lace- 
corals, Fenestella, Retepora,^ Synocladia, Polypora, &c., have 

nuH ^ one, represented by living form.s ; 

anntw Palceozoic rocks should properly receive 

as being of a different nature. The name 
Withgenanl for these old forms simply in accordance 


Fig. 142. — Head and 
upper part of the column 
of Eticrinns liliiformis. 
The lower figure shows 
the articulating surface 
of one of the joints of the 
column. Muschelkalk, 
Germany. 
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become apparently extinct. The same is true of many of the 
ancient types of Brachiopods, and conspicuously so of the 
great family of the Productidce, which played such an important 
part in the seas of the Carboniferous and Permian periods. 

Bivalves [Lamellibranchiata) and Univalves {Gaslcj'opoda) 
are well represented in the marine beds of the Trias, and 
some of the former are particularly characteristic either of the 
formation as a whole or of minor subdivisions of it. A few of 
these characteristic species are figured in tlie accompanying 
illustration (fig. 144), Bivalve shells of the. gtntxK JDaonella 
(fig. 144, a) and Halohia {Mofiotis) are very abundant, and are 



Fig. 144, Triassic Lamellibranchs. Daanella {Halohia) Lomtnelli; b, Pecten 
Valo 7 tiensis I c, Myo^horia lineata; d, Cfirdhmi Rhteticmn) e, Avkula poniorfq S 
p, ^vimtla sod alts. 

found in the Triassic strata of almost all regions. These 
groups belong to the family of the Pearl-oysters {Aviculidcd), 
and are singular from the striking resemblance borne by some 
of their included forms to the Strppliomeim amongst the Lamp- 
shells, though, of course, no real relation exists between the 
two. The little Pearl-oyster, Avkula socialis (fig. 144, /), is 
found throughout the greater part of the Triassic series, and is 
especially abundant in the Muschelkalk, The genus Myo- 
phoria (fig. 144, ^), belonging to the Trigoniadce, and related 
therefore to the Permian Schizodus, is characteristically Trias- 
sic, many species of tlie genus being, known in deposits of this 
age. Lastly, the so-called ‘^Rhaetic” or “Kossen” beds are 
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characterised by the occurrence in them of the Scallop, Pcctcn 
Kalomensis {fig. 144, the small Cockle, Cardlum RImticmn 
tng. 144, and the curiously-twisted Pearl-oyster, Avicula 
contorta (fig. 144, ^)_this last Bivalve being so abundant that 
tlie strata m question are often spoken of as the “ Avicula 
contorta beds.’' 

Passing over the groups of the Heteropods and Pteropods, 
we have to notice the Cephalopoda, wlrich are represented in 
1 tiy chambered shells of Tetrabmnehiates, 

but also, for the first time, by the internal skeletons of Dibran- 
c/uate forms. The Trias, therefore, marks the first recognised 
appeaiance of true Cuttle-fishes. All the known examples of 
lese belong to the great Mesozoic group of the BelemnitidcB ; 
an as this family is much more largely developed in the suc- 
ceecling Jurassic period, the consideration of its characters 
will be deferred till that formation is treated of. Amongst the 
chambered Cephalopods we find quite a number of the Palre- 
ozo\c Orthocemtites, some of them of considerable size, along 
with the ancient CyAocems and Goniaiites ; and these old types, 
smgularly enough, occur m the higher portion of the Trias 
fbt Lassian beds), but have, for some unexplained reason, not 
yet been recognised m the lower and equally fossiliferous 
formation of the Muschelkalk. Along with these we meet for 
tne first time with true Ammonites, which fill such an extensive 

place in the Jurassic 
seas, and which will 
be spoken of here- 
after. The form, how- 
ever, which is most 
characteristic of the 
TTias is Ceratites (fig. 
145). In this genus 
the shell is curved into 
a flat spiral, the volu- 
tions of which are in 
contact; and it further 
agrees with both Go- 
niatites and Ammonites 
in the fact that the 
septa or partitions be- 
Kpro arA r.1 1 j , . . tween the air-cham- 

but are ^ Nautilus ax\ 6 . its allies), 

shell approach the outer wall of the 

lobed or of ^ simply 

gu ed nature, and in the Ammonite they are ex- 



Fig. ^—Ceratiies from the side 

and from behind. MuschelkaJk. 
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tremely complex; whilst in the Ceratite there is an inter- 
mediate state of things, the special feature of which is, that 
those foldings which are turned towards the mouth of the 
shell are merely rounded, whereas those which are turned 
away from the mouth are characteristically toothed. The 
genus Ceratites, though principally Triassic, has recently been 
recognised in strata of Carboniferous age in India. 

From the foregoing it will be gathered that one of the most 
important points in connection with the Triassic Mollnsca is 
the remarkable intermixture of Palaeozoic and Mesozoic types 
which they exhibit. It is to be remembered, also, that this 
intermixture has hitherto been recognised, not in the Middle 
Triassic limestones of the Muschelkalk, in which— as the 
oldest Triassic beds with marine fossils — we should naturally 
expect to find it, but in the St Cassian beds, the age of which 
is considerably later than that of the Muschelkalk. The 
intermingling of old and new types of Shell-fish in the Upper 
Trias is well brought out in the annexed table, given by Sir 
Charles Lyell in his ‘ Student’s Elements of Geology ’ (some 
of the less important forms in the table being omitted here) : — 


Genera of Fossil Mollusca in the St Cassian 
AND HaLLSTADT BeDS. 


Common to Older Rocks. 

Orthoceras. 

Bactrites. 

Maci'ocheilus. 

Loxonema. 

Holopella. 

Murchisonia. 

Porcellia. 

Athyris. 

Retzia. 

Cyrtina. 

Eiiomphalus. 


Characteristic of Triassic 
Rocks. 

Ceratites. 

Cochloceras. 

Rhabdoceras. 

Aulacoceras. ■ 

Naticella. 

Platystoma. 

Plalobia. 

Plbrnesia. 

Koninckia. 

Scoliostoma. 

Myophoria. 

(The last two are princi- 
pally but not exclus- 
ively Triassic.) 


Common to Newer Rocks. 

Ammonites. 

Chemihtzia. 

Cerithium. 

Monodonta. 

Sphcera. 

Cardita. 

Myoconcha. 

Plinnites. 

Monotis. 

Plicatula. 

Pachyrisma. 

Thecidium. 


Thus, to emphasise the more important points alone, the Trias 
has yielded, amongst the Gasteropods, the characteristically 
Palaeozoic Loxonema, Holopella, Murchisonia, &ioniphalus, and 
Porcellia, along with typically Triassic forms like Platystoma 
and Scoliosto7na, and tire great modern groups Chemnitzia and 
Cerithium. Amongst the Bivalves we find the Palteozoic 
Megalodon side by side with the Triassic EaloUa and Myo- 
phoria, these being associated with the Carditce, Hinnites, 
PlicatulcB, and TrigonicB of later deposits, The Brachiopods 
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exhibit the Palaeozoic Athyris, Retzia, and Cyrtina, with the 
Tiiassic Roninckia and the modern Thecidium. Finally, it is 
here that the ancient genera Orthoceras, Cyj'toceras, and Gonia- 
tites make their last appearance upon the scene of life, the 
place of the last of these being taken by the more complex 
and almost exclusively Triassic Ceratites ; whilst the still more 
complex genus Ammonites first appears here in force, and is 
never again wanting till we reach the close of the Mesozoic 
period. The first representatives of the great Secondary 
family of the Belemriitcs are also recorded from this horizon. 

Amongst the Vertebrate Animals of the Trias, the Ris/ies are 
represented by numerous forms belonging to the Ganoids and 
the Placoids. T he Ganoids of the period are still all provided 
with unsyra metrical ('‘heterocercal ”) tails, and belong prin- 
cipally to such genera as PaUeoniscus and Catopterus. The 
remains of Placoids are in the form of teeth and spines, the 
two principal genera being the two important Secondary 
groups Acrodus and Hybodus. Very nearly at the summit 
of the Trias in England, in the Rhretic series, is a singular 
stratum, which is well known as the “ bone-bed,” from the 
number of fish-remains which it contains. More interesting, 
however, than the above, are the curious palate-teeth of the 
Trias, upon which Agassiz founded the genus Ceratodus. The 
teeth of Ceratodus (fig. 146) are singular flattened plates, 



Fig. 146. a, DetUal plate of Ceratodus serraius, Keuper; b, Dental plate of 
Ceratodus altus, Keuper. (After Agas.siz.) 


composed of spongy bone beneath, covered superficially with 
a layer of enamel. Each plate is approximately triangular, 
one margin (which we now know to be the outer one) being 
prolonged into prongs or conical prominences, whilst the 
surface is more or less regularly undulated. Until recently, 
though the master-mind of Agassiz recognised that these 
singular bodies were undoubtedly the teeth of fishes, we were 
entirely ignorant as to their precise relation to the animal, or 
as to the exact affinities of the fish thus armed. Lately, how- 
ever, there has been discovered in the rivers of Queensland 
(Australia) a living species of Ceratodus {C. Ppsteri, fig. 147},. 
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with teeth precisely similar to those of its Triassic predecessor ; 
and we thus have become acquainted with the use of these 



Fig. 147 . — Ceratodns Fosteri, the Australian Mud-fish, reduced in size. 


structures and the manner in which they were implanted in 
the mouth. The palate carries two of these plates, with their 
longer straight sides turned towards each other, their sharply- 
sinuated sides turned outwards, and their short straight sides 
or bases directed backwards. Two similar plates in the lower 
jaw correspond to the upper, their undulated surfaces fitting 
exactly to those of the opposite teeth. There are also two 
sharp-edged front teeth, which are placed in the front of the 
mouth ill the upper jaw; but these have not been recognised 
in the fossil specimens. The living Ceraiodus feeds on vege- 
table matters, which are taken up or torn off from plants by 
the sharp front teeth, and then partially crushed between the 
undulated surfaces of the back teeth (CUinther); and there 
need be little doubt but that the Triassic Ceratodi followed 
a similar mode of existence. From the study of the living 
Ceraiodus, it is certain that the genus belongs to the same 
group as the existing Mud-fishes {Dipnoi)-, and we therefore 
learn that this, the highest, group of the entire class of Fishes 
existed in Triassic. times under forms little or not at all differ- 
ent from species now alive; whilst it has become probable 
that the order can be traced back into the Devonian period. 

The Amphibians of the Trias all belong to the old order of 
the Labyrinthodonts, and some of them are remarkable for 
their gigantic dimensions. They were first known by their 
footprints, which were found to occur ifientifully in the Tri- 
assic sandstones of Britain and the continent of Europe, and 
which consisted of a double series of alternately-placed pairs 
of hand-shaped impressions, the hinder print of each pair being 
much larger than the one in front (fig. 148). So like were these 
impressions to the shape of the human hand, that the at that 
time unknown animal which produced them was at once chris- 
tened Cheirotherium, or “ Hand beast.” Further discoveries, 
however, soon showed that the footprints of Cheirotherium 
were really produced by species of Amphibians which, like the 
ejtisting Frogs, possessed hind-feet of 4 much larger si?e than 
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the fore-feet, and to which the 
name of Lahyrinthodonts was ap- 
plied in consequence of the 
complex microscopic structure of 
the teeth (fig. 149). In the essen- 
tial details of their structure, the 
Triassic Lahyrinthodonts did not 
differ materially from their pre- 
decessors in the CotiJ-measures 
and Permian rocks. They pos- 
sessed the same frog-like skulls 
(fig. 150), with a lizard-like body, 
a long tail, and comparatively 
feeble limbs. The hind -limbs 
were stronger and longer than 
the fore -limbs, and the lower 




stonS Triassic Sand- 

feure ■ h Germany, reduced one-eiglith. The lower 

uSoer ' t'^^ersed by reticulated .sun-cracks: the 

fAfterfeer ) -nipression of on? of the hind-feet, one-half of Uie natural size, 
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surface of the body was protected by an armour of bony plates. 
Some of the Triassic jLabyrinthodonts must have attained 
dimensions utterly unapproached amongst existing Amphibians, 
the skull of Labyrinthodon Jcegeri (fig. 150) being upwards of 




Fig. 149. — Section of the tooth of Lahyrinihadon 
MasiodoHsnurus) yageri, .sliowing the microscopic 
structure. Greatly enlarged. Tria.s. 


Fig. 150.— Skull oiLci- 
lyrinthodon ycegeri, much 
reduced in size ; b, Tooth 
of the same. Trias, Wiirt- 
temberg. 


three feet in length and two feet in breadth. Restorations of 
some of these extraordinary creatures have been attempted in 
the guise of colossal Frogs ; but they must in reality have more 
closely resembled huge Newts. 

Remains of Reptiles are very abundant in Triassic deposits, 
and belong to very varied types. The most marked feature, 
in fact, connected with the Vertebrate fauna of the Trias, and 
of the Secondary rocks in general, is the great abundance of 
Reptilian life. Hence the Secondary period is often spoken 
of as the “Age of Reptiles.” Many of the Triassic reptiles 
depart widely in their structure from any with which we are 
acquainted as existing on the earth at the present day, and it is 
only possible here to briefly note some of the more important 
of these ancient forms. Amongst the group of the Lizards 
{Lacertilia), represented hy Protorosatmis in the older Permian 
strata, three types more or less certainly referable to this order 
may be mentioned. One of these is a small reptile which 
was found many years ago in sandstones near Elgin, in Scot- 
land, and which excited special interest at the time in conse- 
quence of the fact that the strata in question were believed to 
belong to the Old Red Sandstone formation. It is, however, 
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sandstones which contain Tderpdon 
I^lgincnse, as this reptile is termed, are really to be regarded as 

as P^'ofessor Huxley, I'dcrpcton is regarded 

as a Lizard, which cannot be considered as “in any^ sense 

creature than the Gecko, whose 
tr-ivplUG walls and ceilings surprises the 

Snpi ” I n '''i' -T^T' Sand- 

described hv another Lizard, which was originally 

wf u Huxley under the name oi Hyperoda- 

£a?dfn?i ■ South Africa. The 

a H ^tone time enjoyed 

don li Npvv if globe ; and the living ^Juno- 

nSi-pi^f^ Zealand is believed by Professor Pluxley to be the 

ELin Sandsfnip ^ ^ i Hyperodapcdon of the 

adanted fn? r with limbs 

vltibit^OLU^^ progression, but with the bodies of the 

teeth whiclf h Jp having two rows of palatal 

lS I’v thP P ^ bone in old age. 

b^t ^emhiPnrr ' of the Trias is also referred, 

ordt nfZ • anatomist above mentioned, to the 

order of the Lizards. In this singular reptile (fig. 1 5 1 ) the skull 

- is somewhat bird-like, and the 

jaws appear to have been desti- 
tute of teeth, and to have lieen 
encased in a horny sheath like 
the beak of a Turtle or a Bird. 
It is possible, however, that the 
palate was furnished with teeth. 
The group of the Crocodiles 

tinmiislipa K fi r i and Alhgators ( Chv<?rA//^z), dis- 

tinS sorkPi^^ the fact that the teeth are implanted in dis- 
with bonv nhtP<f more orle.ss extensively provided 

o’ f®P^®sented in the Triassic rocks by the 
cW” Wi Elgin Sandstones. Tlie so-called “ Theco- 
saurus fia 'if Selodon, Thecodontosaunis, and Palmo- 

diles tho?ahi“i/’/’ nearly related to the Croco- 

to fis foun ^ rf f 'fy should be absolutely referred 

distinct sockefq in ^cptile.s, the teeth are implanted in 

compressed n . jaws, their crowns being more or less 
mardns f oten) Thf R T ?"f®bant and finely sen-ate 
out ft both ends^hiJfl ^ vertebrEe are hollowed 

gression on iEp f a be adapted for pro- 

known f theHand. The genus Mdodon (fig 1^2 A i, 
Known to occur m thp Rpunpy n ^ -r- 

^ur m tne Aeuper of Germany and in America; 



Fig'. 151. Skull of RhynchosatiT-tis arii- 
cej>s. Trias. (After Owen.) 
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Palmosaunis^ (fig. 153, has also been found in the Trias 
or the same region. Teeth of the latter, however, are found 
along with remains of Thecodontosaurus (fig.^ 153, d)^ in a 
singular magnesian conglomerate near Bristol, which was 
originally believed to be of Permian age, but which appears 
to be undoubtedly Triassic. 



Triassic Reptiles, a, Skull of NoiJiosanrus vtirahilu, reduced in size— Mus- 
looth of Simosaurus Gaillanioti, of the natural size—Muschel- 
if’ Trias, America; if, Toothof7'/«w- 

tlie naSlize-ilHtaiii'^ ”^ ^nlceosaurus ^latyodon, of 


The Trias has also yielded the remains of the great marine 
reptiles which are often spoken of collectively as the ‘‘ Enalio- 
saurians or “ Sea-lizards,” and which will be more particularly 
■spoken of in treating of the Jurassic jieriod, of which they are 
more especially characteristic. In all these reptiles the limbs 
are flattened out, the digits being enclosed in a continuous 
skin, thus forming powerful swimming-paddles, resembling the 
“flippers ” of the Whales and Dolphins both in their general 
strucluie and in function. The tail is also long, and adapted 
to act as a swimming-organ ; and there can be no doubt but 
that these extraordinary and often colossal reptiles frequented 
tlie sea, and only occasionally came to the land. The Triassic 
Enaliosaurs belong to a group of which the later genus 
Plesiosaurus is the type (the Sauropferygia). One of the best 
known of the Triassic genera is Nothosanrus (fig. 152, <2), in 
which the neck was long and bird-like, the jaws being im- 
mensely elongated, and carrying numerous powerful conical 
teeth implanted in distinct sockets. The teeth in Simosaurus 
(152, 0 pe pf a similar nature ; but the orbits are of enormouS' 
sizp, indicating eyes of corresponding dimensions, and perhaps 
pointing to the nocturnal habits of the animal. In the singular 
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Placodus, again, the teeth are in distinct sockets, but resemble 
those of raan}^ fishes in being rounded and obtuse (fig. 153), 

forming broad crushing plates 
adapted for the comminu- 
tion of shell-fish. There is a 
row of these teeth all round 
the upper jaw proper, and a 
double series on the palate, 
but the lower jaw has only a 
single row of teeth. Placodus 
is found in the Muschelkalk, 
and the characters of its den- 
tal apparatus indicate that 
it was much more peaceful 
in its habits than its asso 
ciates the Nothosaur and Si- 
mosaur. 

The Triassic rocks of South Africa and India have yielded 
the remains of some extraordinary Reiitiles, which have been 
placed by Professor Owen in a separate order under the name 
of Anomodontia. The two principal genera of this group are 
Picynodon and Oudenodoii, both of which appear to have been 
large Reptiles, with well-developed limbs, organised for pro- 
gression upon the dryland. In Oudenodon (fig. 154, B) the 
jaws seem to have been wholly destitute of teeth, and must 
have been encased in a hoimy sheath, similar to that with 
which we are familiar in the beak of a Turtle. In Dicynodon 
(fig. 154, A), on the other hand, the front of the upper jaw 
and the whole of the lower jaw were destitute of teeth, and 
the front of the mouth must have constituted a kind of beak; 
but the upper jaw possessed on each side a single huge conical 
tusk, which is directed downwards, and must have continued 
to grow during the life of the animal. 

It may be mentioned that the above-mentioned Triassic 
sandstones of South Africa have recently yielded to the re- 
searches of Professor Owen a new and unexpected type of 
Reptile, which exhibits some of the structural peculiarities 
which we have been accustomed to regard as characteristic 
of the Carnivorous quadrupeds. The Reptile in question has 
been nanied Cynodp-aco, and it is looked upon by its distin- 
guished discoverer as the type of a new order, to which he has 
given the name of Theriodontia, The teeth of this singular 
form agree with those of the Carnivorous quadrupeds in con- 
sisting of three distinct groups — -namely, front teeth or incisors^ 
eye teeth or capiines, and back teeth or molars. The canines 
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also are long and_ pointed, very much compressed, and having 
their lateral margins finely serrated, thus presenting a singular 






resemblance to the teeth of the extinct ‘‘ Sabre-toothed Tiger” 
{Machairodus). The bone of the upper arm (humerus) further 
sho.ws some remarkable resemblances to the same bone in the 
Carnivorous Mammals. As has been previously noticed,' Pro- 
tessor Owen IS of opinion that some of the Reptilian remains 
ot the i ermian deposits will also be found to belong to this 
group of the “Theriodonts.” ^ 

Lastly, we find in the Triassic rocks the remains of Reptiles 
belonging to the great Mesozoic order of the Dcinosauria. 
ihis order attains its maximum at a later period, and will be 
spoken of when the Jurassic and Cretaceous deposits come to 
be considered. The chief interest of the Triassic Reptiles of 
this group arises from the fact that they are known by their 
lootpiints as well as by their bones ; and a question has arisen 
whether the supposed footprints of birds which occur in the 
Irias have not really been produced by Deinosaurs. This 
leads us, therefore, to speak at the same time as to the evi- 
dence which we have of the existence of the class of Birds 

during the Triassic period. No actual bones of any bird have 
1 ■' 
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as yet been detected in any Triassic deposit; but we have 
tolerably clear evidence of their existence at this time in the 
form footprints. The impressions in question are found in 
considerable numbers in certain red sandstones of the age of 
the Trias in the valley of the Connecticut River, in the United 
States. They vary much in size, and have evidently'' been 
produced by many different animals walking over long 
stretches of estuarine mud and sand exposed at low water. 
The footprints now under consideration form a double series 
of single prints, and therefore, beyond all question, are the 
tracks of a biped—thdl is, of an animal which walked upon 
two legs. No living animals, save Man and the Birds, walk 
habitually on two legs ; and there is, therefore, a prinitx facie 
presumption that the authors of these prints were Birds. 
Moreover, each impression consists of the marks of three toes 
turnhd forwards (fig. 155), and therefore are precisely such as 



Fig. 155. — Supposed footprint of a Bird, from the Triassic Sandstones of the Con- 
necticut River. The slab shows also numerous “ rain-prints.” 

might be produced by Wading or Cursorial Birds. Further, 
the impressions of the toes show exactly the same numerical 
progression in the number of the joints as is observable in 
living Birds — that is to say, the innermost of the three toes 
consists of three joints, the middle one of four, and the outer 
one of fi.ve joints. Taking this evidence collectively, it would 
have seemed, until lately, quite certain that these tracks could 
only have been formed by Birds. It has, however, been 
shown that the Deinosaurian Reptiles possess, in some cases 
at any rate, some singularly bird -like characters, amongst 
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which is the fiict that the animal possessed the power of 
walking, temporarily at least, 011 its hind-legs, which were 
much longer aiwR stronger than the fore -limbs, and which 
were sometimes furnished with no more than three toes. 
As the bones and teeth of Deinosaiirs have been found in 
the Triassic deposits of North America, it may be regarded as 
certain that some of the bipedal tracks originally ascribed to 
Birds must have really been produced by these Reptiles. It 
seems at the same time almost a certainty that others of the 
three-toed impressions of the Connecticut sandstones were in 
truth produced by Birds, since it is doubtful if the bipedal 
mode of progression was more than an occasional thing 
amongst the Deinosaurs, and the greater number of the 
many known tracks exhibit no impressions of fore - feet. 
Upon the whole, therefore, we may, with much pi'obability, 
conclude that the great class of Birds [Avcs) was in existence 
in the Iriassic period. If this be so, not only must there 
have been quite a number of different forms, but some of 
them must have been of very large size. Thus the largest 
footprints hitherto discovered in the Connecticut sandstones 
are 22 inches long and 12 inches wide, with a proportionate 
Imigth of stride. These measurements indicate a foot four 
times as large as that of the African Ostrich ; and the animal 
which produced them — whether a Bird or a Deinosaur — must 
have been of colossal dimensions. 

Finally, the Trias completes the tale of the great classes of 
the Vertebrate sub-kingdom by presenting us with remains of 
the first known of the true Quadrupeds or Mammalia, These 
aie at present only known by their teeth, or, in one instance, 
by one of the halves of the lower jaw; and these indicate 
minute Quadrupeds, which present greater affinities with the 
little Banded Ant-eater {Myrmccohius fasciaius, fig. 158) of 
Australia tlian with any other living form. If this conjecture 



Fig. T.owerjawof Dromaiheriwnsylvestre, 

Trias, North Carolina. (After Emmons.) 



h 


Us- Molar tooth of 

Microtestes antiqmts, magni- 
fied ! Crown of tlie same, 
magnified still further. Trias, 
Germany. 


be correct, these ancient Mammals belonged to the order of 
the Marsupials or Pouched Quadrupeds {Marsu^ialia\ which 
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are now exclusively confined to the Australian province, South 
America, and the southern portion of North America. In 



Fig. 158.— The Banded {Myrmecohim fasciaitis) of Australia. 


the Old World, the only known Triassic Mammals belong to 
the genus Microlestes, and to the probably identical Hypi- 
prymnopsis of Professor Boyd Dawkins. The teeth of Micro- 
lesfes (fig. 157) were originally discovered by Plieninger in 
1847 in the “ bone-bed ” which is characteristic of the sum- 
mit of the RhcCtic series both in Britain and on the continent 
of Europe; and the known remains indicate two species. In 
Bntain, teeth of Microlestes have been discovered by Mr 
Charles Moore in deposits of Upper Triassic age, filling a 
fissure in the Carboniferous limestone near Fronie, in Somer- 
setshire ; and a molar tooth of Hypsiprymnopsis was found by 
Professor Boyd Dawkins in RhiEtic marls below the ‘‘bone- 
bed at Watchet, also in Somersetshire. In North America, 
lastly, there has been found' in strata of Triassic age one of 
the branches of the lower jaw of a small Mammal, which has 
been described under the name of Drornatheriwn sylvesire 
The fossil exhibits ten small molars placed side 
by side, one canine, and three incisors, separated by small 
intervals, and it indicates a small insectivorous animal, pro- 
bably most nearly related to the existing Myrmecobms. 

Literature. 

. The following list comprises a few of the more important sources of 

inionxiatiori as to tliG Triassic stvata cuid. tlicir fossil contfints * 

H Oxford and the Valley of tlje Thames,’ Phillips. 

/ \ of the Geological Suiwey of Great Britain and Ireland.’ 

( 3 ) Report on the Geology of Londonderry,’ &c, Portlock. 


THE TRIASSIC PERIOD. 

(4) “On the Zone of Avicula contorta,” 

Soc.,’ voi. xvi., i86o- Dr Thomas Wright 


225 


( 5 ) 

( 6 ) 
( 7 ) 


Joum. Geol. 

“ On the Zones of the Lower Lias and the“Aviculo . . 7 
Qnart. Joum. Geol. Soc.,> vol. xvii., iSS r 
“ On Abnormal Conditions of Secondary Deposit^; 

Journ. Geol. Soc.,’ vol. xxiii., 1876-77. Charier ^ 

‘ Geoenostische Beschreibung des Bayerisclae-r. ' > 


Alpengebirges. 


Geognostische 
Giimbel.. 

‘ LetliEea Rossica. ’ Pander. 

‘ Lethrea Geognostica.’ Bronn. 

‘ Petrefacta Germanise. ’ Goldfuss. 

‘ Petrefaktenkunde.’ Quenstedt. 

(12) ‘Monograph of the Fossil Estherire’ (Pa-laeorrtograpliical Society). 

Rupert J ones. . 

(13) “ Fossil Remains of Three Distinct Saurian A,nimals, recently dis- 

covered in the Magne.sian Conglomerate near Bristol”— ‘Trans. 
Geol. Soc.,’ ser. 2, vol. v., 1840. Riley and Stutchbury 
‘ Die Saurier des Muschekalkes.’ Von Meyer. 

‘ Beitrage zur Palaeontologie Wiirttembergs. ’ Von Meyer and 
Plieiringer. 

‘Manual of Paleontology.’ Owen. 


( 8 ) 

(9) 

(10) 

(II 


{14) 

(IS) 


(16) 

{17) ‘Odontography.’ Owen. 

(18) ‘Report on Fos.sil Reptiles’ (British Association, 1841). Owen, 

(19) “ On Dicynodon ‘ Trans. Geol. Soc.,’ vol. iii., 1S45. Owen. 

(20) ‘Descriptive Catalogue of Fossil Reptilia and. Fishes in the Museum 

of the Royal College of Surgeons, England..’ Owen. 

{21) “ On S pecies of Labyrinthodon from Warwickshire ” ‘ Trans. Geol. 

Soc. , ’ ser, 2, vol. vi. Owen. 

(22) “On a Carnivorous Reptile” {Cynodraco xnajor), &c.— ‘Quart, 

Journ. Geol. Soc.,’ vol. xxxii., i876._ Owen. 

(23) “ On Evidences of Theriodonts in Permian Deposits,” &c. — ‘Quart. 

Journ. Geol. Soc.,’ vol. xxxii., 1876. Owen. 

(24) “ On the Stagouolepis Robertsoni,” &c. — ‘ Quart. Joum. Geol. 

Soc.,’ vol. XV., 1859. liuxley. 

(25) “ On a New Specimen of Telerpeton Elginense ” * Quart. Journ. 

Geol. Soc.,’ vol. xxiii., 1866. Huxley. 

(26) “On Plyperodapedon ” — ‘Quart. Journ. G-eol. Soc,,’ voL xxv., 

1869. Huxley. 

(27) “On the Affinities between the Deinosaurian Reptiles and Birds” 

— ‘Quart. Joum. Geol. Soc.,’ vol. xxvi., i S70. Mu.xley. 

(28) “On the Classification of the Deinosaiiria, ” &c. ‘ Quart. Joum. 

Geol. Soc.,’ vol. xxvi., 1870. Huxley. 

(29) “ Palmontologica Indica”— ‘ Memoirs of the G-eol. Snrvey of India.’ 

(30) “ On the Geological Position and Geographica .1 Distribution of the 

Dolomitic Conglomerate of the Bristol Area.” ‘ Quart. Joum. 

Geol. Soc.,’ vol. xxvi., 1870. R. Etheridge, sen. 

(31) “ Remains of Labyrinthodonta from the Keuper SandlstoneofWar- 

.yvick Quart. Joum. Geol. Soc.,’ vol. xxx., 1874- MialL 

(32) ‘ Manual of Geology.’ Dana. ^ , 

(33) ‘ Synojrsis of Extinct Batracliia and Reptilia of ISTorth Amenca. 

Cope. 

(34) ‘Fossil Footmarks.’ Plitchcock. 

(35) ‘ Ichnology of New England.’ Hitchcock. 

(36) ‘Traits de Paleontologie Vegetale.’ Schimper. 

(37) ‘ Histoire des Vegdaux Fossil es.’ Brongniart. 

(38) ‘ Monographie der Fossilen Coniferen. ’ Goepp^ert. 


226 


HISTORICAL PALAiONTOLOGY. 


CHAPTER XVI. 

THE JURASSIC PERIOD. 

Resting upon the Trias, with perfect conformity, and with 
an almost undeterminable junction, we have the great series of 
deposits which are known as the Oolitic Rocks, from the com- 
mon occurrence in them of oolitic limestones, or as the Juras- 
sic Rocks, from their being largely developed in the mountain- 
range of the Jura, on the western borders of Switzerland. 
Sediments of this series occupy extensive areas in Great Britain, 
on the continent of Europe, and in India. In North America, 
limestones and marls of this age have been detected in '' the 
Black Hills, the Laramie range, and other eastern ridges of the 
Rocky Mountains ; also over the Pacific slope, in the Uintah, 
Wahs^atch, and Humboldt Mountains, and in the Sierra Ne- 
vada (Dana) ; but in these regions their extent is still un- 
known, and their precise subdivisions have not been deter- 
mined. Strata belonging to the Jurassic period are also known 
to occur in South America, in Australia, and in the Arctic 
zone. When fully developed, the Jurassic series is cajjable of 
subdivision into a number of minor groups, of which some are 
clearly distinguished by their mineral characters, whilst others 
are separated with equal certainty by the differences of the 
fossils that they contain. It Avill be sufficient for onr present 
puipose, without entering into the more minute subdivisions 
of the series, to give here a very brief and general account 
of the main sub-groups of the Jurassic rocks, as developed in 
Biimin— -the arrangement of the Jura-formation of the continent 
of Europe agreeing in the main with that of England. 

• f Jurassic series of Britain 

is lonned by the great calcareo - argillaceous deposit of the 
Lias, which usually rests conformably and almost inseparably 
upon the Rhmtic beds (the so-called “White Lias”), and 
passes up, generally conformably, into the calcareous sand- 
stones of the Inferior Oolite. The Lias is divisible into the 
three principal groups of the Lower, Middle, and Upper Lias, 
as under, and these in turn contain many well-marked “zones •” 
so that the Lias has some claims to be considered as an inde- 
pendent formation, equivalent to all the remaining Oolitic 
rocks._ The Zo 7 ii£r Lias {Terrain Sinemurien of D’Orbigny) 
sometimes attains a thickness of as much as 600 feet, and con- 
sists of a great senes of bluish or greyish laminated clays, 


THE JURASSIC PERIOD. 


227 


alternating with tlhn bands of blue or grey limestone— the 
whole, when seen in quarries or cliffs from a little distance, 
assuming a characteristically striped and banded appearance. 
By means of particular species of Ammonites, taken along with 
other fossils which are confined to particular zones, the Lower 
Lias may be subdivided into several well-marked horizons. 
The Middle Lias, or Marlsione Series {Terrain Liasien of 
D’Orbigny), may reach a thickness of 200 feet, and consists of 
sands, arenaceous marls, and argillaceous limestones, sometimes 
with ferruginous beds. The Upper Lias ( Terrain Toarcien of 
D’Orbigny) attains a thickness of 300 feet, and consists princi- 
pally of shales below, passing upwards into arenaceous strata. 

II. The Lower Oolites.— Above the Lias comes a com- 
plex series of partly arenaceous and argillaceous, but prin- 
cipally calcareous strata, of wliich the following are the more 
important groups ; a, The Lnferior Oolite {Terrain Bajocien 
of D’Orbigny), consisting of more than 200 feet of oolitic 
limestones, sometimes more or less sandy ; b, The Fuller s 
Earth, a series of shales, clay.s, and marls, about 120 feet in 
thickness; q The Great Oolite ox Bath Oolite {Terrain Bath- 
onien of D’Orbigny), consisting principally of oolitic lime- 
stones, and attaining a thickness of about 130 feet. The well- 
known “ Stonesfield Slates” belong to this horizon; and the 
locally developed “Bradford Clay,” “ Cornbrash,” and “ For- 
est-marble ” may be regarded as constituting the summit of 

this group. . 

III. The Middle Oolites.— The central portion of the 
Jurassic series of Britain is formed by a great argillaceous de- 
posit, capped by calcareous strata, as follows : a, The Oxford 
Clay {Terrain Callovien Terrain Oxfordien of D’Orbigny), 
consisting of dark-coloured laminated clays, sometimes reach- 
ing a thickness of 700 feet, and in places having its lower por- 
tion developed into a hard calcareous sandstone (“ Kelloway 
Rock”); b. The Coral-Rag {Terrain Corallien of D’Orbigny, 
“Nerinean Limestone” of the Jura, “ Diceras Limestone of 
the Alps), consisting, when typically developed, of a central 
mass of oolitic limestone, underlaid and surmounted by cal- 
careous grits. 

IV. The Upper Oolites.— a, The base of the Upper 
Oolites of Britain is constituted by a great thickness_ (600 feet 
or more) of laminated, sometimes carbonaceous or bituminous 
clays, which are known as the Kimmeridge Clay {Terrain J^m- 
rn'eridgien of D’Orbigny); b, The Portland Beds {Terrain Port- 
landien of D’Orbigny) succeed the Kimmeridge day,_ and con- 
sist inferiorly of sandy beds surmounted by oolitic limestones 



228 


HISTORICAL PALAT, ONTOLOGY, 


(“Portland Stone ”), the whole series attaining a thickness of 
150 feet or more, and containing marine fossils; c, Pur- 
beck Beds are apparently peculiar to Great Britain, where they 
form the summit of the entire Oolitic series, attaining a total 
thickness of from 150 to 200 feet. The Purbeck beds consist 
of arenaceous, argillaceous, and calcareous strata, which can 
be shown' by their fossils to consist of a most remarkable alter- 
nation of fresh-water, brackish-water, and purely marine sedi- 
ments, together with old land-surfaces, or vegetable soils, which I 

contain the upright stems of trees, and are locally known as | 

“ Dirt-beds.” ! 

One of the most important of the Jurassic deposits of the 
continent of Europe, which is believed to be on the horizon 
of the Coral-rag or of the lower part of the Upper Oolites, is 1 

the Solenhofen Slate'' of Bavaria, an exceedingly fine-grained 1 

limestone, which is largely used in lithography, and is cele- 
brated for the number and beauty of its organic remains, and ^ 

especially for those of Vertebrate animals. 

The subjoined sketch-section (fig. 159) exhibits in a dia- 1 

grammatic form the general succession of the Jurassic rocks of ^ 

Britain. i 

Regarded as a whole, the Jurassic formation is essentially 
marine ; and though remains of drifted plants, and of insects 
and other air-breathing animals, are not uncommon, the fossils 
of the forrnation are in the main marine. In the Purbeck ^ 

series of Britain, anticipatory of the great river-deposit of the 
Wealden, there are fresh-water, brackish-water, and even terres- 
trial strata, indicating that the floor of the Oolitic ocean was 
undergoing upheaval, and that the marine conditions which 
had formerly prevailed were nearly at an end. In places 
also, as in Yorkshire and Sutherlandshire, are found actual 
beds of coal : but the great bulk of the formation is an indu- 
bitable sea-deposit ; and its limestones, oolitic as they com- 
monly are, neverthele.ss are composed largely of the commin- 
uted skeletons of marine animals. Owing to the enormous 
number and variety of the organic remains which have been 
yielded by the richly fossiliferous strata of the Oolitic series, 
it will not be possible here to do more than to ghm an outline- 
sketch of the principal forms of life which characterise the 
Jurassic period as a whole. It is to be remembered, however, 
that every minor group of the Jurassic formation has its own 
peculiar fossils, and that by the labours of such eminent ob- 
^rvers as Quenstedt, Oppel, D’Orbigny, Wright, Dela Beche, 

Tate, and others, the entire series of Jurassic sediments admits 
of a. more complete and more elaborate subdivision into zones 



Lias. Lower Oolites. Middle Oolites. Upper Oolites. 
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characterised by special life-forms than has as yet been found 
practicable in the case of any other rock-series. 

Generalised Section of the Jurassic Rocks 
OF England. 

Fig. 159. 

— Purbeck Beds. 

-- Portland Beds. 


-Kimmeridge Clay. 


•Coral-Rag. 


..—Oxford Clay. 

N 

Cornbrash and Forest-marble. 

Great Oolite. 

Fuller’s Earth. 

Inferior Oolite. 

Upper Lias. 

i Middle Lias (Marlstone 

( series). 

Lower Lias. 

i Rhffitic Marls (“ White 
( Lias”). 

The plants of the Jurassic period consist principally of 
Ferns, Cycads, and Conifers — agreeing in this respect, there- 
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fore, with those of the preceding Triassic formation. The 
Fer7is are very abundant, and belong partly to old and partly 
to new genera. The Cycads are also very abundant, and, on 
the whole, constitute the most marked feature of the Jurassic 
vegetation, many genera of this group being known {Ftero- 
phyllum^ Otoza?nites, Zaniites, Crossommia, Williamsonia^ Biick- 
landia, &c.) The’ so-called “dirt-bed” of the Purbeck series 
consists of an ancien soil, in which stand erect the trunks of 
Conifers and the silicified stools of Cycads of the genus Mantel- 
lia (fig. i6o). The Coniferce of the Jurassic are represented by 



various forms more or less nearly allied to the existing Arau- 
caria; and these are known not only by their stems or 
branches, but also in some cases by their cones. We meet, 
also, with the remains of undoubted Endogenous plants, the 
most important of which are the fruits of forms allied to the 
existing Screw-pines {PandanecB), such as Podocarya and Kaida- 
carpum. So far, however, no remains of Palms have been 
found; nor are we acquainted with any Jurassic plants which 
could be certainly referred to the great “ Angiosperroous ” 
group of the Exogens, including the majority of our ordinary 
plants and trees. 

Amongst animals, the Protozoans are Avell represented in 
the Jurassic deposits by numerous Foraminifers and Sponges; 
as are the Cc&lentercites by numerous Coi’als. Remains 
of these last-mentioned organisms are extremely abundant 
in some of the limestones of the formation, such as the 
“ Coral- rag” and the Great Oolite ; and the former of these 
may fairly be considered as an ancient “reef.” Rugose 

Corals have not hitherto been detected in the Jurassic rocks; 
and the “ Tabulate Corals^ so-called, are represented only by 
examples of the modern genus Millepora. With this excep- 


THE JURASSIC PERIOD. 


231 


tion, all the Jurassic Corals belong to th.e great group which 
predominates in recent seas {Zoantharia scleroderniata)\ ^ and 
the majority belong to the important reef- building family of 
the “ Star-corals ” The form here figured [Thecos- 

mtlia annularis, fig. 161) is one of the characteristic species 
of the Coral-rag. 



Fig. 161 . — Thecosmilia annularis. Coral-rag, England. 


The JHchiiiodernis are very numerous and abundant fossils 
in the Jurassic series, and are represented by Sea-lilies, Sea- 
urchins, Star-fishes, and Brittle-stars. The Crinoids are still 
common, and some of the limestones of the series are largely 
composed of the debris of these organisms. Most of the 
Jurassic forms resemble those with which we are already 
familiar, in having the body permanently attached to some 
foreign object by means of a longer or shorter jointed stalk 
or “ column.” One of the most characteristic Jurassic genera 
of these “ stalked ” Crinoids (though not exclusively confined 
to this period) is Pcntacrinus (fig. 162). In this genus, the 
column is five-sided, with whorls of “ side-arms ; ” and the arms 
are long, slender, and branched. The genus is represented 
at the' present day by the beautiful “ Medusa-head Pentacrin- 
ite ” (^Pcntacrinus caput-viedusaf). Another characteristic Oolitic 
genus Yi, Apiocrinus, comprising the so-called “Pear Encrinites.” 
In this group the column is long and rounded, with a dilated 
base, and having its uppermost joints expanded so as to form, 
with the cup itself, a pear-shaped mass, from the summit of 
which spring the comparatively short arms. Besides the 
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“stalked” Crinoids, the Jurassic rocks have yielded the re- 
mains of the higher group of the “ free ” Crinoids, such as 
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Fig. 162. — Pentacrimis /asdcTtlosiis, Lias. The left-hand figure shows a few of the 
joints of the column ; the middle figure shows the arms, and the summit of the column 
with its side-arms; and the right-hand figure shows the articulating surface of one of the 
column-joints. 

Saccosoma. These forms resemble the existing “Feather- 
stars” {Comafula) in being attached when young to some 
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foreign body by means of a jointed stem, from which they 
detach themselves when fully grown to lead an independent 
existence. In this later stage of their life, therefore, they 
closely resemble the Brittle-stars in appearance. True Star- 
fishes {Asteroids) and Brittle-stars {Ophiuroids) are abundant 
in the Jurassic rocks, and the Sea-urchins {Echinoids) are so 
numerous and so well preserved as to constitute quite a marked 
feature of some beds of the series. Ail the Oolitic urchins 
agree with the modern Echinoids in having the shell composed 
of no more than twenty rows of plates. Many difierent genera 
are known, and a characteristic species of the Middle Oolites 
{Hemicidaris crenularis, fig. 163) is here figured. 



Fig. 163 . — H cCnicidaris cramlaris, showing the great tubercles on which the 
. spines were supported. Middle Oolites. 


Passing over the Anndides, which, though not uncommon, 
are of little special interest, we come to the Articidates, which 
also require little notice. Amongst the Cmstaceans, whilst the 
little Water-fleas {Ostracoda) are still abundant, the most mark- 
ed feature is the predominance which is now assumed by the 
Decapods — the highest of the known groups of the class. True 
Crabs {Brachynrd) are by no means unknown; but the prin- 
cipal Oolitic Decapods belonged to the “ Long-tailed ” group 
{Macrura), of which the existing Lobsters, Prawns, and 
Shrimps are members. The fine-grained lithographic slates of 
Solenhofen are especially famous as a depot for the remains 
of these Crustaceans, and a characteristic species from this 
locality {Eryon arctiformis, fig. 164) is here _ represented. 
Amongst the air-breathing Articulates^ we meet in the Oolitic 
rocks with the remains of Spiders {Arachnida), Centipedes 
{Myriapoda), and numerous true Insects (Insccta). In con- 
nection with the last-mentioned of these groups, it is of interest 
to note the occurrence of the oldest known fossil Butterfly 
— the Palmontina Oolitica of the Stonesfield slate — the rela- 
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tionsliips of which appear to be with some of the 
Butterflies of Tropical America. 

Coming to the Mollusca^ the Polyzoans, numerous 


living 

and 



Fig. 164. — Ef'yoK arciifan 7 iis, a " Long-tailed Decapod,” from the Middle 
Oolites (Solenhofen Slate). 

beautiful as they are, must be at once dismissed; but the 
Brachiopods deserve a moment’s attention. The Jurassic 
Lamp-shells (fig. 165) do not fill by any means such a pre- 
dominant place in the marine fauna of the period, as in many 
Palmozoic deposits, but they are still individually numerous. 
The two ancient genera Lepimia (fig. 165, a) and Spirifera (fig. 
165, ^), dating the one from the Lower and the other from the 
Upper Silurian, appear here for the last time upon the scene, 
but they have not hitherto been recognised in deposits later 
than the Lias. The great majority of the Jurassic Brachiopods^ 
however, belong to the genera Terebratula (fig. 165, c, e, f) 
and Rhynchojiella (fig. 165, d)^ both of which are represented 
by living forms at the present day. The Terebratuliz, in par- 
ticular, are very abundant, and the species are often confined 
to special horizons in the series. 

Remains of Bivalves {Lamellibranchiata) are very numerous 
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in the Jurassic deposits, and in many cases highly charactei- 
istic. In the marine beds of the Oolites, which constitute by 





Terehratnla^ quadrifuia, Lias •, ci,d, ,{is>-o}ia Brad- 
way Rock; rerehraiula spharoidalh,^ di^ona, biaa 

ford Clay, Forest-marble, and Great-Oolite. (After Davidson). 


far the greater portion of the whole formation, the Bivalves 
are of course marine, and belong to such genera as TTigoma, 
Lima. Fholadomya, Cardtma, Avicula, ILippopodium., &c. , bu 
in the Purbeck beds, at the summit of the series, we find 
bands of Oysters alternating with strata containing fresh-water 
or brackish-water Bivalves, such as Cyrerm and CorlndcB. ihe 
predominant Bivalves of the Jurassic, however, are the Oysters, 
which occur under many forms, and often m vast numbers, 
particular species being commonly restricted to particular 
horizons. Thus of the true Oysters, Ostrea distorta is char- 
acteristic of the Purbeck series, where it forms a bed twelve 
feet in thickness, known locally as the “ Cinder-bed ; Ostrea 
expansa abounds in the Portland beds; Ostrea delioidea is 
characteristic of the Kimmeridge clay; Ostrea gregaria^m- 
dominates in the Coral-rag ; Ostrea acuminata characterises the 
small group of tlie Fuller’s Earth; whilst the plaited 
Marshii (fig. i66) is a common shell in the Lower and Middle 
Oolites. Besides the more typical Oysters, the Oolitic rocks 
abound in examples of the singularly unsymmetrical forms 
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belonging to the genera Exogyra and Gryphaa (fig. 167). In 
the former of these are included Oysters with the beaks 



rig. T&€i.~-‘Ostri'a Mnrshii, Middle 
and Lower Oolites. 


i(tT.— GryJ>hiBamcufva. Lias. 



“ reversed ” — that is to say, turned towards the hinder part of 
the shell ; whilst in the latter are Oysters in which the lower 
valve of the shell is much the largest, and has a large incurved 
beak, whilst the upper valve is small and concave. One of 
the most characteristic Exogyrce is the B. virgula of the Oxford 
Clay, and of the same horizon on the Continent; and the 
Gryphcea iiicurva (fig. 167) is equally abundant in, and char- 
acteristic of, the formation of the Lias.“ Lastly, we may 
notice the extraordinary shells belonging to the genus JDiceras 
(fig, r68), which are exclusively confined to the Middle 

Oolites. In this formation in 
the Alps they occur in such 
abundance as to give rise to 
the name of “Calcaire a Di- 
cerates,'’ applied to beds of 
the same age as the Coral- 
rag of Britain. The genus BP 
ceras belongs to the same fam- 
ily as the “ Thorny Clams ” 
{Chama) of the present day — 
the shell being composed of 
nearly equally-sized valves, the 
beaks of which are extremely 
prominent and twisted into a 
spiral. The shell was attached to some foreign body by the 
beak of one of its valves. 

Amongst the Jurassic Univalves {^Gasteropoda) there are 
many examples of the ancient and long-lived Bleiirotomaria ; 
but on the whole the Univalves begin to have a modem 
aspect. The round-mouthed (“ holostomatous ”), vegetable- 
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-Dici’?-as ariethia. Middle 
Oolite. 
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eating Sea-snails, such as the Limpets {Patellid(&\ the Nerites 
(Nerita), the Tttrritella, Chemnitzm, &c., still hold a predomi- 
nant place. The two most noticeable genera of this ^oup 
are Cerithmm and Nerinma — the former of these attaining 
great importance in the Tertiary and Recent seas, whilst the 
latter (fig. 169) is highly characteristic of the Jurassic series, 
though not exclusively confined to 
it. One of the limestones of the 
Jura, believed to be of the age of 
the Coral-rag (Middle Oolite) of Bri- 
tain, abounds to such an extent in 
the turreted shells of Nerinaa as Jo 
have gained the name of “ Calcaire 
h Nerinees.” In addition to forms 
such as the preceding, we now for 
the first time meet, in any force, 
with the Carnivorous Univalves, in 
which the mouth of the shell is 
notched or produced into a canal, 
giving rise to the technical name 
of “ siphonostoraatous,” applied to 
the shell. Some of the carnivorous 
forms belong to extinct types, such 
cis the Purpuroidea of the Great Oo- 
lite ; but others are referable to well-known 



Vig. 169 .— GoodJicilliZi 
one-fourth of the natural size. The 
left-hand figure shows the a.ppear- 
ance presented by the shell when 
vertically divided. Coral -rag, 
England. 


existing genera. 

Thus we meet here with species of the familiar gmups ot the 
Whelks (Buccinnm), the Spindle - shells {Fustis), the Spider- 
shells {Pieroceras), Mtirex, Postellaria, and others which are 
not at present known to occur in any earlier formation. 

Amongst the Wing-shells {Pferopoda), it is sufficient to mark 
the final appearance in the Lias of t 1 ie ancient genus Comdaria. 

Lastly, the order of the Cephalopoda, in both its Tetrabraii- 
chiate and Dibranchiate sections, undergoes a vast devel- 
opment in the Jurassic period. The old and comparatively 
simple genus NaidUus is still well represented, one species 
being very similar to the living Pearly Nautilus_(A: ^w/(^^"|)^ 
but the Orthoccraia and Goniatites of the Trias have finally 
disappeared; and the great majority of the Tetrabranchiate 
forms are referable to the comprehensive genus 
with its many.sub-genera_and f the 

The shell in Ammondes in the form ^ 
coils of which are in contact (figs. 170 and 
most whorls of the shell are more or less concealed, 
bodv-chamber is elongated and narrow, rather than expanded 
towIrS the mouth. The tube or siphunde which ruus through 
T 7 
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the aif-chambers is placed on the dorsal or convex side of the 
shell 3 but the principal character which distinguishes Ammon-' 



Fig. ■L’ja.—AmmonUes Hitmphresianus. Inferior Oolite. 


ites from Goniafifes and Ccratites is the wonderfully complex 
manner in which the sej>fa, or partitions between the air-cham- 
bers, are folded and undulated. To such an extent does this 
take place, that the edges of the septa, when exposed by the 



Fig. 171 . — A mmonites hiJro 7 ts. Lias. 


removal of the shell-substance, present in an exaggerated man- 
ner the appearance exhibited by an elaborately-dressed shirt- 
frill when viewed edgewise. The species of Ammonites range 
from the Carboniferous to the Chalk; but they have not been 
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found in deposits older than the Secondary, in any region 
except India ; and they are therefore to be regarded as essen- 
tially Mesozoic fossils. Within these limits, each formation 
is characterised by particular species, the number of individ- 
uals being often very great, and the size which is sometimes 
attained being nothing short of gigantic. In the Lias, par- 
ticular species of Ammonites may succeed one another regu- 
larly, each having a more or less definite horizon, which it does 
not transgress. It is thus possible to distinguish a certain 
number of zones, each characterised by a particular Ammonite, 
together with other associated fossils. Some of these zones 
are very persistent and extend over very wide areas, thus afford- 
ing valuable aid to the geologist in his determination of 
rocks. It is to be remembered, however, that there are other 
species which are not thus restricted in their vertical range, 
even in the same formations in which definite zones occur. 

The Cuttle-fishes or Dibrauchiate Cephalopods constitute a 
feature in the life of the Jurassic period little less conspicuous 
and striking than that afforded by the multitudinous and varied 
chambered shells of the Ammonitidce. The remains by which 
these animals are recognised are necessarily less perfect, as a 
rule, than those of the latter, as no external shell is present 
(except ill rare and more modern groups), and the internal 
skeleton is not necessarily calcareous. Nevertheless, we have 
an ample record of the Cuttle-fishes of the Jurassic period, in 
the shape of the fossilised jaws or beak, the ink-bag, and, most 
commonly of all, the horny or calcareous structure which is 
embedded in the soft tissues, and is variously known as the 
'‘pen’’ or “bone.” The beaks of Cuttle-fishes, though not 
abundant, are sufficiently plentiful to have earned for them- 
selves the general title of “ Rhyncholites ; ” and in their fomi 
and function they resemble the horny, parrot-like beak of the 
existing Cephalopods. The ink-bag or leathery sac in which 
the Cuttle-fishes store up the black pigment with which they 
obscure the water when attacked, owes its preservation to the 
fact that the colouring-matter which it contains is finely-divid- 
ed carbon, and therefore nearly indestructible except by heat. 
Many of these ink-bags have been found in the Lias ; and the 
colouring-matter is sometimes so well preserved that it has 
been, as an experiment, employed in painting as a fossil 
■ “ sepia.” The “ pens ” of the Cuttle-fishes are not commonly 
preserved, owing to their horny consistence, but they are not 
unknown. . The form here figured {Bdotenthis snbcostata, fig. 
172) belonged to an old type essentially similar to our modem 
Calaraaries, the skeleton of which consists of a homy shaft 
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and two lateral wings, somewhat like a feather in general 
shape. When, on the other hand, the internal skeleton is 
calcareous, then it is very easily preserved 
in a fossil condition ; and the abundance 
of remains of this nature in the Secondary 
rocks, combined with their apparent total 
absence in Palaeozoic strata, is a strong pre- 
sumption in favour of the view that the order 
of the Cuttle-fishes did not come into exis- 
tence till the commencement of the Meso- 
zoic period. The great majority of the skele- 
tons of this kind which are found in the Jur- 
assic rocks belong to the great extinct family 
of the “Belemnites” {Belemnitidce), which, so 
far as known, is entirely confined to rocks 
of Secondary age. From its pointed, gener- 
ally cylindro - conical form, the skeleton of 
the Belenmite is popularly known as a “thun- 
Fig. x^^.-Beloieu. dcrbolt ” (fig. 173, C). In its perfect condition 
assic which it is, however, rarely obtainable — 

' the skeleton consists of a chambered conical 

shell (the “phragraacone ”), the partitions between the chambers 
of which are pierced by a marginal tube or “ siphuncle.” This 
conical shell — curiously similar in its structure to the external 
shell of the Nautilus — is extended forwards into a horny 
“pen,” and is sunk in a corresponding conical pit (fig. 173) B), 
excavated in the substance of a nearly cylindrical fibrous 
body or “guard,” which projects backwards for a longer or 
shorter distance, and is the part most usually found in a fossil 
condition. Many different kinds of Belenniites are known, and 
their guards literally swarm in many parts of the Jurassic series, 
whilst some specimens attain very considerable dimensions. 
Not only is the internal skeleton known, but specimens of 
Belemnites and the nearly allied Belemjioteuihis have been found 
in some of the fine-grained sediments of the Jurassic formation, 
from which much has been learnt even as to the anatomy of 
the soft parts of the animal. Thus we know that the Bdem- 
nites were in many respects comparable with the existing 
Calamaries or Squids, the body being furnished with lateral 
fins, and the head carrying a circle of ten “arms,” two of 
which were longer than the others (fig._ 173*, A). The suckers 
on the arms were provided, further, with horny hooks ; there 
was a large ink-sac ; and the mouth was armed with horny 
mandibles resembling in shape the beak of a parrot. 

Coming next to the Vertebrates^ we find that the Jurassic 
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Fishes are still represented by Ganoids and Placoids. The 
Ganoids, however, unlike the old forms, now for the most 


Fis. 173.-A. Restoration of the 

gXd f) anftt\tny penT) 7 d“specimen of Belemnites canaUculatns, from the 
Inferior Oolite. (After Phillips.) 

nori-nossess nearly or quite symmetrical (“ homocercal ”) tads. 
A dmracteristic genus is Tetragonokpis (fig. 174), with 1 



Ksassii 


Fig. xnt,.— Tetragonokpis (restored), and scales of the same. Lias. 


rlf'pn romnressed body, its rhomboidal, closely-fitting scales, 
io„g dS to,. Amongst the the teoth 
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of true Sharks {Notidanus) occur for the first time ; but by far 
the greater number of remains referable to this group are still 
the fin-spines and teeth of “ Cestracionts,” resembling the 
living Port-Jackson Shark. Some of these teeth are pointed 
(yHyhodns) \ but others are rounded, and are adapted for cfush- 
ing shell-fish. Of these latter, the commonest are the teeth of 
Acrodus (fig. 175), of which the hinder ones are of an elon- 
gated form, with a rounded 
surface, covered with fine 
transverse strice proceed- 
ing from a central longi- 
tudinal line. From their 
general form and striation, 
and their dark colour, these 
teeth are commonly called 



Fig. 175. — Tooth of Acrodvs nohilis. Lias. 


“fossil leeches” by the quarrymen. 

The Amphibian group of the Labyrinthodo 7 its, which was so 
extensively developed in the Trias, appears to have become 
extinct, no representative of the order having hitherto been 
detected in rocks of Jurassic age. 

Much more important than the Fishes of the Jurassic series 
are the Reptiles^ which are both very numerous, and belong to 
a great variety of types, some of these being very extraoi'dinary 
in their anatomical structure. The predominant group is that 
of the “ Enaliosaurs” or “ Sea-lizai'ds,” divided into two great 
orders, represented respectively by the Ichthyosaur'us and the 
Plesiosaurus. 

The or “ Fish-Lizards ” are exclusively Meso- 

zoic in their distribution, ranging from the Lias to the Chalk, 
but abounding especially in the former. They were huge 
Reptiles, of a fish-like form, with a hardly conspicuous neck 
(fig. 176), and probably possessing a simply smooth or 



Fig. 176 . — Ichihyosattms communis. Lias. 


wrinkled skin, since no traces of scales or bony integumentary 
plates have ever been discovered. The tail was long, and 
was probably furnished at its extremity with a powerful ex- 
pansion of the skin, constituting a tail-fin similar to that pos- 
sessed by the Whales. The limbs are also like those of Whales 


THE JURASSIC PERIOD. 


243 


in the essentials of their structure, and in their being adapted 
to act as swimming-paddles. Unlike the Whales, however, 
the Ichthyosaurs possessed the hind-limbs as well as the fore- 
limbs, both pairs having the bones flattened out and the fin- 
gers completely enclosed in the skin, the arm and leg being at 
the saine time greatly shortened. T.he limbs are thus con- 
verted into effieient flippers, adapting the animal for an 
active existence m the sea. Tihe different joints of the back- 
bone (vertebrse) also show the same adaptation to an acjuatic 
mode of life being hollowed out at both ends, like the bicon- 
cave vertebri of Fishes. The spinal column in_ this way was 
endowed with the flexibility necessary for an animal intended 
to pass the greater part of its time in water. Though the Ich- 
thyoscwrs are undoubtedly marine animals, there is, however, 
reason to believe tliat they occasionally came on shore, as they 
possess a strong bony arch, supporting the fore-limbs, such as 
would permit of partial, if laborious, terrestrial progression. 
The head is of enormous size, with greatly prolonged jaws, 
holding numerous powerful conical teeth lodged in a common 
groove The nature of the dental apparatus is such as to 
leave no doubt as to the rapacious and preclatoryhabits of the 
Ichthyosaurs — an inference which is further borne out by the 
examination of their petrified droppings, which are known to 
geologists as ‘‘ coprolites,” and which contain numerous fiag- 
ments of the bones and scales of the Ganoid fishes which 
inhabited the same seas. The orbits are of huge size ; and as 
the eyeball was protected, like that of birds, by a ring of bony 
plates in its outer coat, we even know that the P^pAs of the 
lyes were of correspondingly large dimensions. As these bony 
nlates have the function of protecting the eye from injury 
under sudden changes of pressure 

it has been inferred, with great probabi ^ F' ^ J 

osaurs were in the habit of diving to considerable depths m 
the sea. Some of the larger specimens of Ichthyosaurus 
have been discovered in the Lias indicate an ammal of from 
so to nearly 40 ^et in length; andmanyspec.es 
have existed, whilst fragmenta^ remains 

verv abundant in some localities. We may therefore satey 
conclude that these colossal Reptiles were amongst the most 
formidable of the many tyrants of the Jurassic seas^ 

The Plesiosaurus (fig. i??) is anothei 
Ppntilp and like the preceding, must have lived mainly or 
hcSdhn the sh \t agreefwith the Ididryosanr m some 

important features of its “gamsation es^iecially nn the_^ 

that both pairs of limbs axe converted into flippers 
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swimming-paddles, whilst the skin seems to have been equally 
destitute of any scaly or bony investiture. Unlike the Ichthy- 



Fig. 177 . — Plesiosaurus dolichodeirtis, restored. Lias. 


osmir^ however, the Plesiosaur had the paddles placed far back, 
the tail being extremely short, and the neck greatly lengthened 
out, and composed of from twenty to forty vertebrae. The 
bodies of the vertebrae, also, are not deeply biconcave, but are 
flat, or only slightly cupped. The head is of relatively small 
size, with smaller orbits than those of the Ichthyosaur, and witli 
a snout less elongated. The jaws, however, were armed with 
numerous conical teeth, inserted in distinct sockets. As re- 
gards the habits of the Plesiosaur, Dr Conybeare arrives at the 
following conclusions : “ That it was aquatic is evident from 
the form of its paddles ; that it was marine is almost equally 
so from the remains with which it is universally associated; 
that it may have occasionally visited the shore, the resem- 
blance of its extremities to those of the Turtles may lead us to 
conjecture: its movements, however, must have been very 
awkward on land ; and its long neck must have impeded its 
progress through the w'ater, presenting a strong contrast to the 
organisation which so admirably fits the Ichtliyosaurus to cut 
through the waves.” As its respiratory organs were such that 
it must of necessity have required to obtain air frequently, we 
may conclude “that it swam upon or near the surface, arching 
back its long neck like a swan, and occasionally darting it 
down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal water along the coast, con- 
cealed amongst the sea -weed; and raising its nostrils to a 
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level with the surface from a considerable depth, may have 
found a secure retreat from the assaults of powerful enemies j 
while the length and flexibility of its neck may have compen- 
sated for the want of strength in its jaws, and its incapacity 
for swift motion through the water.” 

About twenty species of Plesiosaurus are known, ranging 
from the Lias to the Chalk, and specimens have been found 
indicating a length of from eighteen to twenty feet. The 
nearly related Pliosaurs^’' however, with their huge heads 
and short necks, must have occasionally reached a length of at 
least forty feet — the skull in some species being eight, and the 
paddles six or seven feet long, whilst the teeth are a foot in 
length. 

Another extraordinary group of Jurassic Reptiles is that of 
the “ Winged Lizards ” or Pto'osauria. These are often spoken 
of collectively as “ Pterodactyles,” from. Ptcrodactylus, the 
type-genus of the group. As now restricted, however, the 
genus Pierodactyhis is more Cretaceous than Jurassic, and it is 
associated in the Oolitic rocks with the closely allied genera 
Dimorphodofi and Rha^nphorhynchus. In all three of these 
genera we have the same general structural organisation, in- 
volving a marvellous combination of characters, which we are in 
the habit of regarding as peculiar to Birds on the one hand, to 
Reptiles on another hand, and to the Flying Mammals or 
Bats in a third direction. The “ Pterosaurs ” are “Flying” 
Reptiles, in the true sense of the term, since they were indu- 
bitably possessed of the power of active locomotion in the air, 
after the manner of Birds. The so-called “ Flying ” Reptiles 
of the present day, such as the little Draco twlans of the East 
Indies and Indian Archipelago, possess, on the other hand, no 
power of genuine flight, being merely able to sustain themselves 
in the air through the extensive leaps which they take from tree 
to tree, the wing-like expansions of the skin simply exercising 
the mechanical function of a parachute. The apparatus of flight 
in the “ Pterosaurs ” is of the most remarkable character, and 
most resembles the “ wing ” of a Bat,_ though veiy different in 
some important particulars. The “wing” of the Pterosaurs is 
like that of Bats, namely, in consisting of a thin leathery expan- 
sion of the skin which is attached to the sides of the body, and 
stretches between the fore and hind limbs, being mainly sup- 
ported by an enormous elongation of certain of the digits of 
the hand. In the Bats, it is the four outer fingers which are 
thus lengthened out ; but in the Pterosaurs, the wing-membrane 
is borne by a single immensely -extended finger (fig. 178). 
No trace of the actual wing-membrane itself has, of course, 
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been found fossilised j but we could determine that the “ Ptero- 
dactyles” possessed the power of flight, quite apart from the ex- 



Fig. 178 . — Pterodadylus crassirosiris. From the Lithographic Slates of Solenhofen 
^Middle Oolite). The figure is “ restored,” and it seems certain that the restoration is 
incorrect in the comparatively unimportant particular, that the hand should consist of no 
more than four fingers, three short and one long, instead of five, as represented. 

traordinary conformation of the hand. The proofs of this are to 
be found partly in the fact that the breast-bone was furnished 
with an elevated ridge or keel, serving for the attachment of 
the great muscles of flight, and still more in the fact that the 
bones were hollow and were filled with air — a peculiarity 
wholly confined amongst living animals to Birds only. The 
skull of the Pterosaurs is long, light, and singularly bird-like in 
appearance — a resemblance which is further increased by the 
comparative length of the neck and the size of the vertebrae of 
this region (fig. 178). The jaws, however, unlike those of any 
existing Bird, were, with one exception to be noticed hereafter, 
furnished with conical teeth sunk in distinct sockets ; mid 
there was always a longer or shorter tail composed of distinct 
vertebrm ; -whereas in all existing Birds the tail is abbreviated, 
and the terminal vertebrae are amalgamated to form a single 
bone, which generally supports the great feathers of the tail. 

Modern naturalists have been pretty generally agreed that 
the Pterosaurs should be regarded as a peculiar group of the 
Reptiles \ though they have been and are still regarded by 
high autliorities, like Professor Seeley, as being really referable 
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to the Birds, or as forming a class by themselves. The chief 
points which separate them from Birds, as a class, are the 
character of the apparatus of flight, the entirely different struc- 
ture of the fore-limb, the absence of feathers, the composition 
of the tail out of distinct vertebrae, and the general presence 
of conical teeth sunk in distinct sockets in the jaws. The gap 
between the Pterosaurs and the Birds has, however, been 
greatly lessened of late by the discovery of fossil animals 
{Ichthyornis and licsperornis) with the skeleton proper to Birds 
combined with the presence of teeth in the jaws, and by the 
still more recent discovery of other fossil animals {Fteranodon) 
with a Pterosaurian skeleton, l)ut without teeth ; whilst the un- 
doubtedly feathered possessed a long tail com- 

posed of separate vertebrte. Upon the whole, therefore, the 
relationships of the Pterosaurs cannot be regarded as absolutely 
settled. It seems certain, however, that they did not possess 
feathers — this implying that they were cold-blooded animals ; 
and their afflnities with Re];)tiles in this, as in other characters, 


are too strong to be overlooked. 

The Pterosaurs are wholly Mesozoic, ranging from the Lias 
to the Chalk inclusive ; and the fine-grained Lithographic Slate 
of Solenhofen has proved to be singularly rich in their remains. 
The genus Ftcrodactyhis itself has the jaws toothed to the ex- 
tremities with ecpial-sized conical teeth, and its species range 
from the IVliddle Oolites to the Cretaceous seiies, in connec- 
tion with which they will be again noticed, together with the 
toothle.ss genus Fteranodon. The genus Bimorphodon is Li- 
assic and is characterised by having the front teeth long and 
pointed, whilst the hinder teeth are small and lancet-shaped. 
Lastly 'the singular genus Fha?nphorhynchns, also from the 
l.ower Oolites, is distinguished by the fact that there are teeth 
present iir the hinder portions of both jaws j but the fiont por- 
tions are toothless, and may have constituted a homy beak. 
Like most of the other Jurassic Pterosaurs, Rhamphorhynchns 
ffim 170) does not seem to have been much biggCT than a 
pigeon, in this respect falling far_ below the gmnt ‘‘Dragons 
of the Cretaceous period. It differed from its relatives, not 
only in the armature of the mouth, but also m the fact that 
the tail was of considerable length. With regard to its habim 
and mode of life. Professor Phillips remarks that, gifted with 

ample means of flight, able at least to P^rd^ thouehTot 
scuffle along the shore, perhaps competent to dive, though no 
so well as a" Palmiped bird, many fishes must have yielded to 
the cruel beak and sharp teeth of 

ask to which of the many families of Birds the analogy of 
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structure and probable way of life would _ lead us to assimilate 
Rhampliorhynchus, the answer must point to the swimming 



races with long wings, clawed feet, hooked beak, and habits of 
violence and voracity ; and for preference, the shortness oi the 
legs, and other circumstances, may be held to claim for the 
Stonesfteld fossil a more than fancifnl similitude to the groups 
of Cormorants, and other marine divers, which constitute^an 
effective part of the picturesque army of robbers of the sea. _ ^ 
Another extraordinary and interesting group of the Mesozoic 
Reptiles is constituted by the Demosauna, comprising a series 
of mostly gigantic forms, which range from the Trias to the 
Chalk. All the “ Deinosanrs ” are possessed of the two pairs 
of limbs proper to Vertebrate animals, and these organs are m 
the main adapted for walking on the dry land. Thus, whilst 
the Mesozoic seas swarmed with the huge Ichthyosaurs and 
Plesiosaurs, and whilst the air was tenanted by the Dragon-like 
Pterosaurs, the land - surfaces of the Secondary period were 
peopled by numerous forms of Deinosanrs, some of them 01 
even more gigantic dimensions than their marine brethren. 
The limbs of the Deinosanrs are, as just said, adapted for pro- 
gression on the land ; but in some cases, at any rate, the 
hind-limbs were much longer and stronger than the fore-limbs 3 
and there seems to be no reason to doubt that many of these 
forms possessed the power of walking, temporarily or perman- 
ently, on their hind-legs, thus presenting a singular resemblance 
to Birds. Some very curious and striking points connected 
with the structure of the skeleton have also been shown to 
connect these strange Reptiles with the true Birds 3 and such 
high authorities as Trofessors Huxley and Cope are of opinion 
that the Deinosaurs are distinctly related to this class, being m 
some respects intermediate between the proper Reptiles and 
the great wingless Birds, like the Ostrich and Cassowary. On 
the other hand, Professor Owen has shown that the Peinosaurg 
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possess some weighty points of relationship with the so-called 
“Pachydermatous” Quadrupeds, such as the Rhinoceros and 
Hippopotamus. The most important Jurassic genera of 
DcitwsciuTict are Me^cilosciuTUs and CetiosauTus , both of which 
extend their range into the Cretaceous period, in which 
nourished, as we shall see, some other well-known members 

of this order. _ _ . . 

Megalosaw'us attained gigantic dimensions, its thigh and 
shank bones measuring each about three feet in length, and its 
total length, including the tail, being estimated at from forty 
to fifty feet. As the head of the thigh-bone is set on nearly 
at right angles with the shaft, whilst all the long bones of the 
skeleton are hollowed out internally for the reception of the 
marrow there can be no doubt as to the terrestrial habits of 
the animal. The skull (fig. 180) was of large size, four or five 
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conjectured to have commonly supported itself on its hind- 
legs only. 

The Cetiosaur attained dimensions even greater than those 
of the Megalosaur, one of the largest thigh-bones measuring 
over five feet in length and a foot in diameter in the middle, 
and the total length of the animal being probably not less than 
fifty feet. It was originally regarded as a gigantic Crocodile, 
but it has been shown to be a true Deinosaur. Having ob- 
tained a magnificent series of remains of this reptile. Professor 
Phillips has been able to determine many very interesting 
points as to the anatomy and habits of this colossal animal, 
the total length of which he estimates as being probably not 
less than sixty or seventy feet. As to its mode of life, this 
accomplished writer remarks : — 

“ Probably when ‘ standing at ease ’ not less than ten feet 
in height, and of a bulk in proportion, this creature was un- 
matched in magnitude and physical strength by any of the 
largest inhabitants of the Mesozoic land or sea. Did it live 
in the sea, in fresh waters, or on the land? This question 
cannot be answered, as in the case of Ichthyosaurus, by appeal 
to the accompanying organic remains ; for some of the bones 
lie in marine deposits, others in situations marked by estuarine 
conditions, and, out of the Oxfordshire district, in Sussex, in 
fluviatile accumulations. Was it fitted to live exclusively in 
water? Such an idea was at one time entertained, in conse- 
quence of the biconcave character of the caudal vertebrse, and 
it is often suggested by the mere magnitude of the creature, 
which would seem to have an easier life while floating in water, 
than when painfully lifting its huge bulk, and moving with 
slow steps along the ground. But neither of these arguments 
is valid. The ancient earth was trodden by larger quadrupeds 
than our elephant ; and the biconcave character of vertebrae, 
Avhich is not uniform along the column in Cetiosaurus, is per- 
haps as much a character of a geological pei'iod as of a me- 
chanical function of life. Good evidence of continual life in 
water is yielded in the case of Ichthyosaurus and other Ena- 
liosaurs, by the articulating surfaces of their limb-bones, for 
these, all of them, to the last phalanx, have that slight and 
indefinite adjustment of the bones, with much intervening 
cartilage, which fits the leg to be both a flexible and forcible 
instrument of natation, much superior to the ordinary oar- 
blade of the boatman. On the contrary, in Cetiosaur, as well 
as in Megalosaur and Iguanodon, all the articulations are 
definite, and made so as to correspond to determinate move- 
ments in particular directions, and these are such as to be 
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suited for walking. In particular, the femur, by its head pro- 
jecting freely from the acetabulum, seems to claim a movement 
of free stepping more parallel^ to the line of the body, and 
more approaching to the vertical than the sprawling gait of 
the crocodile. The large claws concur in this indication of 
terrestrial habits. But, on the other hand, these characters 
are not contrary to the belief that the_ animal may have been 
amphibious ; and the great vertical height of the anterior part 
of the tail seems to support this explanation, but it does not 
go further. . . . We have therefore a marsh-loving or 

river-side animal, dwelling amidst filicine, cycadaceous, and 
coniferous shrubs and trees full of insects and small mamma- 
lia. What was its usual diet ? If ra: uugue Iconevi, surely ex 
dcntc cibunt. We have indeed but one tooth, and that small 
and incomplete. It resembles more the tooth of Iguanodon 
than that of any other reptile ; for this reason it seems pro- 
bable that the animal was nourished by similar vegetable food 
which abounded in the vicinity, and was not obliged to con- 
tend with Megalosaurus for a scanty supply of more stimu- 
lating diet.” 

All the groups of Jurassic Reptiles which we have hitherto 
been considering are wholly unrepresented at the present day, 
and do not even pass upwards into the Tertiary period. It 
may be mentioned, however, that the Oolitic deposits have 
also yielded the remains of Reptiles belongmg to three of the 
existing orders of the class — namely, the Lizards {Lciceriiha), 
the Turtles {Chclonid), and the Crocodiles {Crocodilia). The 
Lizards occur both in the marine strata of the Middle Oolites 
and also in the fresh-water beds of the Purbeck series ; and 
they are of such a nature that their affinities with the typical 
Lacertilians of the present day cannot be disputed. The 
Chelonians, up to this point only known by the doubtful evi- 
dence of footprints in the Permian and Triassic sandstones, are 
here represented by unquestionable remains, indicating the ex- 
istence of marine Turtles (the Chdone plamccps of the Portland 
Stone). No remains of Serpents {Ophidians) have as yet been 
detected in the Jurassic y but strata of this age have yielded 
the remains of numerous Crocodilians, which probably inhab- 
ited the sea. The most important member of this group is 
Teleosaurus, which attained a length of oyer thirty feet, and 
is in some respects allied to the living Gavials of India. 

The great class of the Birds, as we have seen, is represented 
in rocks earlier than the Oolites simply by the not absolutely 
certain evidence of the three-toed footprints of the Connecti- 
cut Trias. In the Lithographic Slate of Solenhofen (Middle 
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Oolite), there has been discovered, ^ ?he 

unique skeleton of a Bird well known under The 
Animopteryx macrura (figs. i8i, 182). The only known 




Fig. I'^i.—Arcfiaoptcryx W2rt«r«^m, showing Solenh^f^^^ detaclied 

^ Reduced. From the Lithographic Slate of Solennoieii. 


specimen-now in the British Museum— unfortunately does 

not exhibit the skull; but the fine-grained matnx has pie- 





Fig. 182.— Restoration of Archasopteryx macmra. (After Owen.) 




served a number of the other bones of the skeleton, along with 
the impressions of the tail and wing feathers. From these 
remains we know that Archmpferyx differed in some remark- 
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able peculiarities of its structure from all existing members of 
the class of Birds. This extraordinary Bird (fig. 182) appears 
to have been about as big as a Rook — the tail being long and 
extremely slender, and composed of separate vertebrm, each 
of which supports a single pair of quill-feathers. In the flying 
Birds of the present day, as before mentioned, the terminal 
vertebrae of the tail are amalgamated to form a single bone 
ploughshare-bone ”), which supports a cluster of tail-feathers ; 
and the tail itself is short. In the embryos of existing Birds 
the tail is long, and is made up of separate vertebrae, and the 
same character is observed in many existing Reptiles. The 
tail of Archaopteryx, therefore, is to be regarded as the per- 
manent retention of an embryonic type of structure, or as an 
approximation to the characters of the Reptiles. Another 
remarkable point in connection with Arcitcsopte/yx, in which 
it differs from all known Birds, is, that the wing was furnished 
■with two free claws. From the presence of feathers, Arckce- 
opteryx may be inferred to have been hot-blooded ] and this 
character, taken along with the structure of the skeleton of the 
wing, may be held as sufficient to justify its being considered 
as belonging to the class of Birds. In the stmcture of the 
■fail, however, it is singularly Reptilian j and there is reason to 
believe that its jaws were furnished with teeth sunk in distinct 
sockets, as is the case in no existing Bird. This conclusion, 
cit any rate, is rendered highly probable by the recent discovery 
of “ Toothed Birds” {Odoiitornithes) in the Cretaceous rocks 


of N orth America. 

The Mammals of the Jurassic period are known to us by 
a number of small forms which occur m the “ Stonesfield 
Slate” (Great Oolite) and in the Purbeck beds (Upper 
Oolite). The remains of these are almost exclusively sepa- 
rated halves of the lower jaw, and they indicate the existence 
during the Oolitic period in Europe of a number of small 
“Potfched animals” {Marsupials). In the horizon of the 
Stonesfield Slate four genera of these little Quadrupeds have 
been described — viz., Ampiileaes, Amphtthenmn, 
iherumi, and Stereognathus. In Amphithenum (fig._ 183), the 
molar teeth are furnished with small pointed eminences or 
“cusps •” and the animal was doubtless insectivorous. By 
Professor Owes, the highest living authority on «« 
Amphitherium is believed to be a small Marsupial, mos 
nearly allied to the living Banded Ant-eater {Myr!mcobms) ol 
Australia (fig. 158). Amthilesies and PhasMhertum (fig. 
tb ) are alsf believed by tlie same distinguished anatomist 
and paleontologist to have been msect-eating Marsupials, and 
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the latter is supposed to find its nearest living ally in the 
Opossums {Didelphys) of America. Lastly, the Stereognathus 



Fig. 183. — Lower jaw of AntphitJierinni (Thylacotherimii) Prevosiii. 

Stonesfield Slate (Great Oolite.) 

of the Stonesfield Slate is in a dubious position. It may have 
been a Marsupial 3 but, upon the whole, Professor Owen is 
inclined to believe that it must have been a hoofed and her- 
bivorous Quadruped belonging to the series of the higher Mam- 
mals (Placentaha). In the Middle Purbeck beds, near to the 
close of the Oolitic period, we have also evidence of the exist- 
ence of a number of small Mammals, all of which are probably 
Marsupials. Fourteen species are known, all of small size, 
the largest being no bigger than a Polecat or Hedgehog. The 
genera to which these little quadrupeds have been referred are 
Flagiaiilax, SpalacotJierium^ Triconodofi, and Galestes. The 
first ot these (fig. 184, 4) is believed by Professor Owen to 







Mammals. — i, Lower jaw and teeth of Phascolotkeriumt Stonesfield 
fjfff hr ’-r Ainphitherium, Stonesfield Slate ; 3, Lower jaw and 
° A n beds; 4, Lower jaw and teeth of Plagiaulax, Purbeck 
oeds. All the figures are of the natural size. 


have been carnivorous in its habits ; but other authorities 
maintain that it was most nearly allied to the living Kangaroo- 
rats \IIypsiprymnus) of Australia, and that it was essentially 
lerbivorous. The remaining three genera appear to have 
been certainly insectivorous, and find their nearest living rep- 
msentatives in the Australian Phalangers and the American 
Opossums. 

Finally, it is interesting to notice in how many respects the 
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Jurassic fauna of Western Europe approached to that nov/ 
inhabiting Australia. At the present day, Australia is almost 
wholly tenanted by Marsupials ; upon its land-surface flourish 
Armicarice and Cycadaceous plants, and in its seas swims the 
Port-Jackson Shark [Cestracwn FhtlipJ>i) whilst the Mollus- 
can genus Trigohia is nowadays exclusively confined to the 
Australian coasts. In England, at the time of the deposition 
of the Jurassic rocks, we must have had a fauna and flora very 
closely resembling what we now see in Australia. The small 
Marsupials, Amphitherium, Phascolotherium, and others, prove 
that the Mammals were the same in order ; cones of Arau- 
carian pines, with tree-ferns and fronds of Cycads, occur 
througiiout the Oolitic series; spine-bearing fishes, like the 
Port-Jackson Shark, are abundantly represented by genera 
such as Acrodus and Strophodus ; and lastly, the genus Tri- 
gonia^ now exclusively Australian, is represented in the Oolites 
by species which differ little from those now existing. More- 
over, the discovery during recent years of the singular Mud-fish, 
the Ceratodus Fosteri^ in the rivers of Queensland, has added 
another and a very striking point of resemblance to those 
already mentioned ; since this genus of Fishes, though pre- 
eminently Triassic, nevertheless extended its range into the 
Jurassic. Upon the whole, therefore, there is reason to con- 
clude that Australia has undergone since the close of the 
Jurassic period fewer changes and vicissitudes than any other 
known region of the globe; and that this wonderful continent 
has therefore succeeded in preserving a greater number of 
the characteristic life-features of the Oolites than any other 
country with which we are acquainted. 
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CHAPTER XVII. 

THE CRETACEOUS. PERIOD. 

^ The next series of rocks in ascending order is the great anc 
important senes of the Cretaceous Rocks, so called from tht 
general occurrence in the system of chalk (Lat. creta, chalk). 
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As developed in Britain and Europe generally, the following 
leading subdivisions may be recognised in the Cretaceous 
series 

1. Weald en, i -nt • I Lower Cretaceous. 

2. Lower Greensand or Neocomian, j 

3. Gault, j 

4; Upper Greensand, ( Upper Cretaceous. 

6 . Maestricht bedSj ' 

I. Wealden. — The Wealden formation, though of consider- 
able importance, is a local group, and is confined to the south- 
east of England, France, and some other parts of Europe. Its 
name is derived from the Weald, a district comprising parts of 
Surrey, Sussex, and Kent, where it is largely developed. Its 
lower portion, for a thickness of from 500 to 1000 feet, is 
arenaceous, and is known as the Hastings Sands. Its Upper 
portion, for a thickness of 150 to nearly 300 feet, is chiefly 
argillaceous, consisting of clays with sandy layers, and occa- 
sionally courses of limestone. The geological importance of 
the Wealden formation is very great, as it is undoubtedly the 
delta of an ancient river, being composed almost wholly of 
fresh-water beds, with a few brackish-water and even marine 
strata, intercalated in the lower portion. Its geographical 
extent, though uncertain, owing to the enormous denudation 
to which it has been subjected, is nevertheless great, since it 
extends from Dorsetshire to France, and occurs also in North 
Germany. Still, even if it were continuous between all these 
points, it would not be larger than the delta of such a modern 
river as the Ganges. The river which produced the Wealden 
series must have flowed from an ancient continent occupying 
what is now the Atlantic Ocean; and the time occupied in 
the formation of the Wealden must have been very great, 
though we have, of course, no data by which we can accurately 
calculate its duration. 

The fossils of the Wealden series are, naturally, mostly the 
remains of such animals as we know at the present day as in- 
habiting rivers. We have, namely, fresh-water Mussels ( Unid), 
River-snails {Paludina), and other fresh -water shells, with 
numerous little bivalved Crustaceans, and some fishes. 

II. Lower Greensand {Nhcomien of D’Orbigny). ^ — The 
Wealden beds pass upward, often by insensible gradations, 
into the Loaner Greensand. The name Lower Greensand is 
not an appropriate one, for green sands only occur sparingly 
and occasionally, and are found in other formations. For this 
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reason it has been proposed to substitute for Lower Greensand 
the name Neocomian, derived from the town of Neufchatel — 
anciently called Neocomwn — in Switzerland. If this name 
were adopted, as it ought to be, the Wealden beds would be 
called the Lower Neocomian. 

The Lower Greensand or Neocomian of Britain has a thick- 
ness of about 850 feet, and consists of alternations of sands, 
sandstones, and clays, with occasional calcareous bands. The 
general colour of the series is dark brown, sometimes red ; and 
the sands are occasionally green, from the presence of silicate 
of iron. 

The fossils of the Lower Greensand are purely marine, and 
among the most characteristic are the shells of Cephalopods. 

The most remarkable point, however, about the fossils of 
the Lower Cretaceous series, is their marked divergence from 
the fossils of the Upper Cretaceous rocks. Of 2S0 species of 
fossils in the Lower Cretaceous series, only 51, or about 18 
per cent, pass on into the Upper Cretaceous. This break in 
the life of the two periods is accompanied by a decided phy- 
sical break as well; for the Gault is often, if not always, un- 
conformably superimposed on th'e Lower Greensand. At the 
same time, the Lower and Upper Cretaceous groups form a 
closely-connected and inseparable series, as shown by a com- 
parison of their fossils with those of the underlying Jurassic 
rocks and the overlying Tertiary beds. Thus, in Britain no 
marine fossil is known to be common to the marine beds of 
the Upper Oolites and the Lower Greensand ; and of more 
than 500 species of fossils in the Upper Cretaceous rocks, 
almost every one died out before the formation of the lowest 
Tertiary strata, the only survivors being one Brachiopod and a 
few I^oraminifera. 

III. Gault {Aptien of D’Orbigny). — The lowest member of 
the Upper Cretaceous series is a stiff, dark - grey, blue, or 
brown clay, often worked for brick-making, and known as the 
Gault, from a provincial English term. It occurs chiefly in 
the south-east of England, but can be traced through France 
to the flanks of the Alps and Bavaria. It never exceeds 100 
feet in thickness ; but it contains many fossils, usually in a 
state of beautiful preservation. 

IV. Upper Greensand (Aldien of D’Orbigny; Untcrquadcr 
and Lower Pldnerkalk of Germany). — The Gault is succeeded 
upward by the Upper Greensand, which varies in thickness 
from 3 up to 100 feet, and which derives its name from the 
occasional occurrence in it of green sands. These, however, 
are local and sometimes wanting, and the name '‘Upper 
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Greensand ” is to be regarded as a name and not a description. 
The group consists, in Britain, of sands and clays, sometimes 
with bands of calcareous grit or siliceous limestone, and occa- 
sionally containing concretions of phosphate of lime, which are 
largely worked for agricultural purposes. 

V. White Chalk top of the Upper_ Greensand be- 

comes argillaceous, and passes up gradually into the hasp of 
the great formation known as the true Chalk, divided into 
the three subdivisions of the chalk-marl, white chalk without 
flints, and w’hite chalk with flints. The first of these is sim- 
ply ai'gillaceous chalk, and passes up into a great mass of 
obscurely- stratified white chalk in which there are no flints 
{Turonicn of D’Orbigny; Mittelquader of Germany). This, in 
turn, passes up into a great mass of white chalk, in which the 
stratification is marked by nodules of black flint arranged in 
layers {Scnonien of D’Orbigny ; Oberquader of Germany). The 
thicktress of these three subdivisions taken together is some- 
times over 1000 feet, and their geographical extent is very 
great. White Chalk, with its characteristic appearance, may 
be traced from the north of Ireland to the Crimea, a distance 
of about 1140 geographical miles ; and, in an opposite direction, 
from the south of Sweden to Bordeaux, a distance of about 
840 geographical miles. 

VI. In Britain there occur no beds containing Chalk fossils, 
or in any way refei'able to the Cretaceous period, above the 
true White Chalk with flints. On the banks of the Maes, 
however, near Maestricht in Holland, there occurs a series of 
yellowish limestones, of about 100 feet in thickness, and un- 
doubtedly superior to the White Chalk. These Maestricht 
beds {Danicn of D’Orbigny) contain a remarkable series of 
fossils, the characters of which are partly Cretaceous and 
partly Tertiary. Thus, with the characteristic Chalk fossils, 
Bclcmnites, BacuUtes, Sea-Urchins, &c., are numerous Univalve 
Molluscs, such as Cowries and Volutes, which are otherwise 
exclusively Tertiary or Recent. 

Holding a similar position to the Maestricht beds, and 
showing a similar intermixture of Cretaceous forms with later 
. types, are certain beds which occur in the island of Seeland, 
in Denmark, and which are known as the Faxbe Limestone. 

Of a somewhat later date than the Maestricht beds is the 
Pisolitic Limestone of France, which rests un conform ably _ on 
the White Chalk, and contains a larp number of Tertiary 
fossils along with some characteristic Cretaceous types. 

The subjoined sketch-section exhibits the general succession 
of the Cretaceous deposits in Britain 
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Generalised Section of the Cretaceous Series 
OF Britain. 


Fig. 185. 



Eocene. 

■White Chalk with Flints. 

■White Chalk without Flints, 

Chalk Marl. 

Upper Greensand. 

Gault. 


Lower Greensand or Neo- 
coinian. 


Weald Clay. 


S Wealden Series. 


3--- Plastings Sands. 


In North America, strata of Lower Cretaceous age are well 
represented in Missouri, Wyoming, Utah, and in some other 
areas; but the greater portion of the American deposits of 
this period are referable to the Upper Cretaceous. The rocks 
of this series are mostly sands, clays, and limestones — Chalk 
itself being unknown except in Western Arkansas. Amongst 
the sandy accumulations, one of the most important is the so- 
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called “marl” of New Jersey, which is truly a “Greensand,” 
and contains a large proportion of glauconite (silicate of iron 
and potash). It also contains a little phosphate of lime, and is 
largely worked for agricultural purposes. The greatest thick- 
ness attained by the Cretaceous rocks of North America is 
about 9000 feet, as in Wyoming, Utah, and Colorado. Ac- 
cording to Dana, the Cretaceous rocks of the Rocky Mountain 
territories pass upwards “without interruption into a coal- 
bearing formation, several thousand feet thick, on which the 
following Tertiary strata lie unconformably.” The lower por- 
tion of this “ Lignitic formation” appears to be Cretaceous, 
and contains one or more beds of Coal; but the upper part of it 
perhaps belongs to the Lower Tertiary. In America, therefore, 
the lowest Tertiary strata appear to rest conformably upon the 
highest Cretaceous ; whereas in Europe, the succession at this 
point is invariably an unconformable one. Owing, however, to 
the fact that the American “ I_,ignitic formation ” is a shallow- 
water formation, it can hardly be expected to yield much 
materiaJ whereby to bridge over the great paleontological gap 
between the White Chalk and Eocene in the Old World. 

Owing to the feet tliat so large a portion of the Cretaceous 
formation has been deposited in the sea, much of it in deep 
water, the plajits of the period have for the most part been 
found special members of the series, such as the Wealden beds, 
the Aix-la-Chapelle sands, and the Lignitic beds of North 
America, Even the purely marine strata, however, have 
yielded plant-remains, and some of these are peculiar and 
proper to the deep-sea deposits of the series. Thus the little 
calcareous discs termed “ coccoliths,” Avhich are known to be 
of the nature of calcareous sea-weeds {A/gce) have been de- 
tected in the White Chalk ; and the flints of tlie same forma- 
tion commonly contain the spore-cases of tlie microscopic 
Des 7 }iids (the so called Xanthidia), along with the siliceous cases 
of the equally diminutive Diatoms. 

The plant-remains of the Lower Cretaceous greatly resemble 
those ot the Jurassic period, consisting mainly of Ferns, Cy- 
cads, and Conifers. The Upper Cretaceous rocks, however, 
both in Blurope and in North America, liave yielded an abun- 
dant flora which resembles the existing vegetation of the globe 
in consisting mainly of Angiospermous Iilxogens and of Mono- 
cotyledons.*' In Europe the plant-remains in question have 

* The “Floweviiig plants” are divided into the two great groups of the 
Endogen.s and Exogen.s. The Rndogms (such as Grasses, ralnis, I.ilies, 
&c.) have no true Imrk, nor rings of growth, and the stem is said lo be 
“endogenous; ” the young plant also possesses but a single .seed-leaf or 
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been found chiefly in certain sands in the neighbourhood of Aix- 
la-Chapelle, and they consist of numerous Ferns, Conifers (such 
as Cycadoptcns),^cxt'N Ymts{Pandamis), Oaks {Quercus),'^^\^ 
nut Ijuglans), Fig {Ficus), and many Froteacecs, some of which are 
referred to existing genera {Dryandra, Banksia, Grevillea, &c.) 

In North America, the Cretaceous strata of New Jersey, 
Alabama, Nebraska, Kansas, &c., have yielded the remains of 
numerous plants, many of which belong to existing genera. 
Amongst these may be mentioned Tulip-trees {Liriodendron), 
Sassafras (fig. i86). Oaks {Quercus), Beeches {Fagus), Plane- 
trees ( Alders {Alnus), Dog-wood {Cornus), Willows. 
{Salix), Poplars {Populus), Cypresses {Cupresstis), Bald Cy- 
presses {Taxodmni), Magnolias, &c. Besides these, however, 
there occur other forms which have now entirely disappeared 
from Nortlr America — as, for example, species of Cinnamomum 
and Araucaria. 

It follows from the above, that the Lower and Upper Creta- 
ceous I'ocks are, from a botanical point of view, sharply sepa- 
rated from one another. The Palaeozoic’ period, as we have 
seen, is characterised by the prevalance of “ Flowerless” plants 
{Cryptogams), its higher vegetation consisting almost exclu- 
sively of Conifers. The Mesozoic period, as a whole, is charac- 
terised by the prevalence of the Cryptogamic group of the 
Ferns, and the Gymnospermic groups of the Conifers and the 
Cycads. Up to the close of the Lower Cretaceous, no Angio- 
spermous Exogens are certainly known to have existed, and 
Monocotyledonous plants or Endogens are very poorly repre- 
sented. With the Upper Cretaceous, however, a irew era of 
plant-life, of which our present is but the culmiiration, com- 
menced, wdth a great and apparently sudden development of new 
forms. In place of the Ferns, Cycads, and Conifers of the earlier 
Mesozoic deposits, we have now an astonishingly large number 
of true Angiospermous Exogens, many of them belonging to 
existing types ; and along rvith these are various Monocotyle- 
donous plants, including the first examples of the great andim- 

“cotyledon. ” Hence these plants are often simply called ‘ ‘Monocotyledons. ” 
The Exogens, on the other hand, have a true bark ; and the stem increases 
hy annual additions to the outside, so that rings of growth are produced. 
Ihe young plant has two seed-leaves or “cotyledons,” and these plants 
are therefore called “Dicotyledons.” Amongst the Exogens, the Pines 
(Conifers) and the Cycads have seeds which are unprotected by a seed- 
vessel, and they are therefore called “ GymnospermsJ'' All the other 
Exogens, including the ordinary trees, .shrubs, and flowering plants, have 
the seeds enclosed in a seed-vessel, and are therefore called “Anglo- 
spTms.” The derivation of these terms will he found in the Glossary at 
the end of the volume, 
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portant group of the Palms. It is thus a matter of interest to 
reflect that plants closely related to those now inhabiting the 



earth, were in existence at a time when the ocean was tenanted 
by Ammonites and Belemnites, and when land and sea and 
air were peopled by the extraordinary extinct Reptiles of the 
Mesozoic period. 

As regards animal life, the Protozoans of the Cretaceous 
period are exceedingly numerous, and are represented hyPora- 
mmifera and Sponges. As we have already seen, the White 
Chalk itself is a deep-sea deposit, almost entirely composed 
of the microscopic shells of Foraminifers, along with Sponge- 
"spicules, and organic debris oi different kinds (see p. 22, fig. 7). 
The green grains which are so abundant in several minor sub- 
divisions of the Cretaceous, are also in many instances really 
casts in glauconite of the chambered shells of these minute 
organisms. A great many species of Foraminifera have been 
recognised in the Chalk j but the three principal genera are 
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GM’igerina, Rotaha (fig. 187)1 and Textiilaria — groups which 
are likewise characteristic of the “ ooze ” of the Atlantic and 



Fig. 187 , — Rotalia Boueana. 


Pacific Oceans at great depths. The flints of the Chalk also 
commonly contain the shells of Foraviinifera. The Upper 
Greensand has yielded in considerable numbers the huge 
Forammifcra described by Dr Carpenter under the name of 
Farkei'ia, the spherical shells of which are composed of sand- 
grains agglutinated together, and sometimes attain a diameter 
of two and a quarter inches. The Cretaceous Sponges are 
extremely numerous, and occur under a great number of varie- 
ties of shape and structure j but the two most characteristic 
genera are Siphonia and Ventriculites, both of which are ex- 
clusively confined to strata of this age. The SiphonicB (fig, 
188) consist of a pear-shaped, sometimes lobed head, supported 
by a longer or shorter stem, which breaks up at its base into a 
number of root-like processes of attachment. The water gained 
access to the interior of the Sponge by a number of minute 
openings covering the surface, and ultimately escaped by a 
single, large, chimney- shaped aperture at the summit. In some 
respects these sponges present a singular resemblance to the 
beautiful “ Vitreous Sponges ” {Holtenia or Fheronema) of the 
deep Atlantic j and, like these, they were probably denizens 
of a deep sea. The Ventriculites of the Chalk (fig. 189) is, 
however, a genus still more closely allied to the wonderful 
flinty Sponges, which have been shown, by the researches of 
the Porcupine, Lightning, and Challenger expeditions, to live 
half buried in the calcareous ooze of the abysses of our great 
oceans. Many forms of this genus are known, having “ usu- 
ally the form of graceful vases, tubes, or funnels, variously 
ridged or grooved, or otherwise ornamented on the surface, 
frequently expanded above into a cup-like lip, and continued 
below into a bundle of fibrous roots. The minute structure of 
these bodies shows an extremely delicate tracery of fine tubes, 
sometimes empty, sometimes filled with loose calcareous mat- 
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ter dyed with peroxide of iron.” — (Sir Wyville Thomson.) 
Many of the Chalk sponges, originally calcareous, have been 
converted into flint subsequently 3 but the Ventriculites are 


Fig. i^g.—Veniriculites simplex. 

White Chalk, Britain. 

really composed of this substance, and are therefore genuine 
“Siliceous Sponges,” like the existing Venus’s Flower-Basket 
{Euplectella). Like the latter, the skeleton was doubtless ori- 
ginally composed, in the young state, of disconnected six- 
rayed spicules, which ultimately become fixed together to 
constitute a continuous frame-work. The sea-water, as in the 
recent forms, must have been admitted to the interior of the 
Sponge by numerous apertures on its exterior, subsequently 
escaping by a single large opening at its summit. 

Amongst the Ccelenterates, the “ Flydroid Zoophytes ” are 
represented by a species of the encrusting genus Hydractinia, 
the horny polypary of which is so commonly found at the 
present day adhering to the exterior of shells. The occurrence 
of this genus is of interest, because it is the first known instance 
in the entire geological series of the occurrence of an unques- 
tionable Hydroid of a modern type, though many of tlie exist- 
ing forms of these animals possess structures which are per- 
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fectly fitted for preservation in the fossil condition. The corals 
of the Cretaceous series are not very numerous, and for the 
most part are referable to types such as Trochocyatkus, Stcphano- 
phyllia, Parasmilia^ Synhelia (fig. 190), (Src., which belong to 
the same great group of corals as the majority of existing 



Fig. igo . — Synhelia Sharpeana. Chalk, England. 

fonns. We have also a few “ Tabulate Corals ” {Polytre- 
macis), hardly, if at all, generically separable from very ancient 
forms [Heliolitcs)) and the Lower Greensand has yielded the 
remains of the little Holocystis elegans, long believed to be the 
last of the great Palmozoic group of the Riigosa. 

As regards the Echinodernis, the group of the Crinoids now 
exhibits a marked decrease in the number and variety of its 
types. The “ stalked ” forms are represented by Pentacrinus 
and Bourgiieticrinus, and the free forms by Feather-stars like 
our existing Comatulce ; whilst a link between the stalked and 
free groups is constituted by the curious “ Tortoise Encrinite 
{P'larsupited). By far the most abundant Cretaceous Echino- 
derms, however, are Sea-urchins (Echinoids) ; though several 
Star-fishes are known as well. The remains of Sea-urchins are 
so abundant in various parts of the Cretaceous series, especi- 
ally in the White Chalk, and are often so beautifully preserved, 
that they constitute one of the most marked features of the 
fauna of the period. From the many genera of Sea-urchins 
which occur in strata of this age, it is difficult to select char- 
acteristic types j but the genera Galerites (fig. 191), Discoidea 
(fig. 192), Micraster, Amnchytes, Diadema, Salenia, and Ci- 
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daris, may be mentioned as being all important Cretaceous 
groups. 

Coming to the Annu/ose Animals of the Cretaceous period, 



Fig. iQi . — Galerites albogaUnis, viewed from below, from the side, and from above. 
White Chalk. 


there is little special to remark. The C7'7istacea)is belong for 
the most part to the highly-organised groups of the Lobsters 



Fig. 192 . — Discoidea cylindrica ; under, side, and upper aspect. 
Uijper Greensand. 


and the Crabs (the Macrurous and Brachyurous Decapods); 
but there are also numerous little Ostracodcs, especially in the 
fresh-water strata of theWealden. It should further be noted 
that there occurs here a great develoj)ment of the singular 
C7'ustaceous family of the Barnacles {Lefiadidcd), whilst the allied 
family of the equally singular Acorn-shells {Balanidcd) is feebly 
represented as well. 

Passing on to the Molhma, the class of the Sea-mats and 
Sea-mosses {Polyzoa) is immensely developed in the Cretaceous 
period, nearly two hundred species being known to occur in 
the Chalk. Most of the Cretaceous forms belong to the family 
of the Escha7'id(Bf the genera Eschara and Escharhia (fig. 193 ) 
being particularly well represented. Most of the Cretaceous 
Polyzoans are of small size, but some attain considerable di- 
mensions, and many simulate Corals in their general form and 
appearance. 
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The Lamp-shells {Brachiopods) have now reached a further 
stage of the progressive decline, which they have been under- 
going ever since the close of 
the Palreozoic period. Though 
individually not rare, especially 
in certain minor subdivisions 
of the series, the number of 
generic types has now be- 
come distinctly diminished, the 
principal forms belonging to 
the genera Terehraiula, Tere- 
bratella (fig. 1 94), Tcrehratidina, 
Bhynchonella, and Crania (fig. 
195). In the last mentioned 
of these, the shell is attached 
to foreign bodies by the sub- 
stance of one of the valves (the ventral), whilst the other or 
free valve is more or less limpet-shaped. All the above-men- 



793.-— A small fragment of Eschciriiui 
Oceani, of the natural size ; and a portion 
of the same enlarged,' Upper Greensand. 



Fig. 194. — Terehratella Asiieriana. 


Gault. 




tioned genera are in existence at the present day; and one 
species^ — namely, Terebratulina st?’iata — appears to be undis- 
tinguishable from one now living — the TerebraUilma caput- 
serpentis. 

Whilst the Lamp-shells are slowly declining, the Bivalves 
{Lamellibranchs) are greatly developed, and are amongst the 
most abundant and characteristic fossils of the Cretaceous 
period. In the great river-deposit of the Wealden, the Bivalves 
are fonns proper to fresh water, belonging to the existing 
River-mussels {Unio\ Cyrena and Cyclas; but most of the 
Cretaceous Lamellibranchs ' are marine. Some of the most 
abundant and characteristic of these belong to the great family 
the Oysters [Ostreidiz). Amongst these are the genera 
Gryphcsa and Bxogyra^ botlr of which we have seen to occur 
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abundantly in the Jurassic; and there are also numerous true 
Oysters {Ostrea, fig. 196) and Thorny Oysters {Spndylus, fig. 



Fiir. igs - — Crania J^ttahergensis. The left-hand figure shows the perfect shell, at- 
tached by its ventral valve to a foreign body; the middle figure shows the exterior of tlie 
limpet-shaped dorsal valve ; and the right-hand figure represents the interior ot tlie at- 
tached valve. White Chalk. 


197). The genus Trigonia, so characteristic of the Mesozoic 
deposits in general, is likewise well represented in the Greta- 



Fig. ig6,’^0 street ConlonL Lower Greensand. 



ceous strata. No single genus of Bivalves is, however, so highly 
characteristic of the Cretaceous period as Jnoceramus, a group 
belonging to the family of the Pearl-mussels (/Lviculukt).^ The 
shells of this genus (fig, 1.98) have the valves unequal in size, 
the larger valve often being much twisted, and both valves 
being marked with radiating ribs or concentric furrows. 1 he 
hinge-line is long and straight, with numerous pits for the 
attachment of the ligament which serves to open the shell. 
Some of the Inocerami attain a length of two or three feet, and 
fragments of the .shell are often found perforated by boring 
19 
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Sponges. Another extraordinary family of Bivalves, which is 
.exclusively confined to the Cretaceous rocks, is that of the 



Fig. 197. — S^ottdylus spinosus. White Chalk, 


Hippiiritidm. All the members of this group (fig. igg) were 
attached to foreign objects, and lived associated in beds, like 



Fig. 198 . — Inoceramtts sttlcatus. Gault. 


Oysters. The two valves of the shell are always altogether 
unlike in sculpturing, appearance, shape, and size ] and the 
cast of the interior of the shell is often extremely unlike the 
form of the outer surface. The type-genus of the family is 
Hippurites itself (fig. igg), in which the shell is in the shape of 
a straight or slightly-twisted horn, sometimes a foot or more in 
length, constituted by the attached lower valve, and closed 
above by a small lid-like free upper valve. About a hundred 
species of the family of the Hippuritida. are known, all of these 
being Cretaceous, and occurring in Britain (one species only), 
in Southern Europe, the West Indies, North America, Algeria, 
and Egypt, Species of this family occur in such numbers in 
certain compact marbles in the south of Europe, of the age of 
the Upper Cretaceous (Lower Chalk), as to have given origin 
to the name of “ Hippurite Limestones,” applied to these 
strata. 
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The Univalves {Gasteropods) of the Cretaceous period are 
not very numerous, nor particularly remarkable. Along with 
species of the persistent genus Flcurotomaria and the Meso- 


zoic Nerinciia, we meet with examples of such modern, types 
as Turritella and Natka, the Staircase-sliells [Solariiun), the 
Wentle-traps {Scakria), the Carrier-shells {Pho?-iis), &c. To- 
wards the close of the Cretaceous period, and especially in 
such transitional strata as the Maestricht beds, the Faxoe 
Limestone, and the Pisolitic Limestone of France, we meet 
with a number of carnivorous (“ siphonostomatous ”) Uni- 
valves, in which the mouth of the shell is notched or pro- 
duced into a canal. Amongst these it is interesting to 
recognise examples of such existing genera as the Vohitea 
{Vohita, fig. 200), the Cowries {Cyprceq), the Mitre -shells. 
[Mitra), the Wing -shells {Strombus), the Scorpion - shells. 
IjPleroceras), &c. 


Fig. igg . — Hippurites Toncasinnn. 
A large individual, with two .smaller 
ones attached to it. Upper Cretace- 
ous, South of Kurope. 


Fig. 200 . — Vnlnia elon^aia. 
White Chalk. 
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Upon the whole, the most characteristic of all the Creta- 
ceous Molluscs are the Cephalopods^ represented by the remains 
of both Tetr abranchiate and Dib 7 ‘anchiate forms. Amongst the 
former, the long-lived genus Nautilus (fig. 201} again reap- 



Fig. 201. Diflferent views of Nautihis Dnnicjts. FaxOe Limestone 
(Upper Cretaceou.s), Denmark. 


pears, with its involute shell, its capacious body-chamber, its 
simple septa between the air-chambers, and its nearly or quite 
central siphuncle. The majority of the chambered Cephalo- 
^ds of the Cretaceous belong, however, to the complex and 
beautiful family of the Atnmonitidcz, with their elaboratel)^^ 
folded and lobed septa and dorsally-placed siphuncle. This 
family disappears wholly at the close of the Cretaceous period j 
but Its approaching extinction, so far from being signalised by 
any slow decrease and diminution in the number of specific 
or generic types, seems to have been attended by the develop- 
ment of whole series of new forms. The genus Anwiotiitcs 
itself, dating from the Carboniferous, has certainly passed its 
prime, but it is still represented by many species, and some of 
these attained enormous dimensions (two or three feet in 
diameter). The genus Ancyloceras {pg. 202), though likewise 
o moie ancient origin (Jurassic), is nevertheless very charac- 
teristic of the Cretaceous. In this genus the first portion of 
the shell is m the form of a flat spiral, the coils of which are 
not m contact ; and its last portion is produced at a tangent, 
becoming ultimately bent back in the form of a crosier. Be- 
sides these pre - existent types, the Cretaceous rocks have 
yie ded a peat number of entirely new forms of the Am7no7ii- 
tida, which are not known in any deposits of earlier or later 
date, i^ongst the more important of these may be men- 
tioned Cnoceras, Turrilites, Scaphites^ Ramites, Ftychoccras^ 
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and Baculites. In the genus Criocems (fig. 204, <r/), the shell 
consists of an open spiral, the volutions of which are not in 



Fig. lai.—Ancyloceras Maihcronianiis, Gault. 


contact, thus resembling a partially-unrolled Ammonite or the 
inner portion of an Ancylocenis. In Turrilites (fig. 203), the 
shell is precisely like that of the Ammonite in its structure; 
but instead of forming a flat spiral, it is coiled into an ele- 
vated turreted shell, the whorls of which are in contact with 
one another. In the genus Scaphites (fig. 204, e), the shell 
resembles that of Ancyloceras in consisting of a series of volu- 
tions coiled into a flat spiral, the last being detached from the 
others, produced, and ultimately bent back in the form of a 
crosier ; but the whorls of the enrolled part of the shell are in 
contact, instead of being separate as in the latter. In the 
genus Hamites (fig. 204,/), the shell is an extremely elongated 
cone, which is bent upon itself more than once, in a hook-like 
manner, all the volutions being separate. The genus Ptycho- 
ceras (fig. 204, a) is very like Hamites, except that the shell is 
only bent once ; and the two portions thus bent are in contact 
with one another. Lastly, in the genus Baculites (fig. 204, h 
and c) the shell is simply a straight elongated cone, not bent 
in any way, but possessing the folded septa which characterise 
the whole Ammonite family. The J^aculite is the simplest of 
all the forms of the Anwionitidte ; and all the other forms, how- 
ever complex, may be regarded as being simply produced by 
the bending or folding of such a conical septate shell in differ- 
ent ways. The Baculite, therefore, corresponds, in the series 
of the Ammonitida, to the Orthoceras in the series of the Nau- 
tilidcs. All the above-mentioned genera are characteristically, 
or exclusively, Cretaceous, and they are accompanied by a 
number of other allied forms, which cannot be noticed here. 
Not a single one of these genera, further, has hitherto been 
detected in any strata higher than the Cretaceous. We may 
therefore consider that these wonderful, varied, and elaborate 
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forms of AnwionitidcB constitute one of the most conspicuous 
features in the life of the Chalk period. 

The Dibranchiate Cepialopods are represented partly by the 


reint If 'n® '’IF' Greensand; b, Bac. 

iintr Portion of the sa, 

ha« of of the septa; d, Criocr. 

7 ^.’ 

j, Hamiies rotiindiis, restored- 

beak-like jaws of unknown species of Cuttle-i 
by the internal skeletons of Belemnites. Am 
its§lf holds its place in t 
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the Cretaceous series ; but it disappears in the upper portion 
of the series, and its place is taken by the nearly-allied genus 
Bclemnitella (fig. 205), distinguished by the possession of a 
straight fissure in the upper end of the guard. This 
also disappears at the close of the Cretaceous 
period; and no member of. the great Mesozoic 
family of the Belemnitidcs. has hitherto been dis- 
covered in any Tertiary deposit, or is known to 
exist at the present day. 

Passing on next to the Vertebrate Animals of the 
Cretaceous period, we find the Fishes represented 
as before by the Ganoids and the Placoids, to which, 
however, we can now add the first known examples 
of the great group of the Bony Fishes or Teleosteans, 
comprising the great majority of existing forms. 

The Ganoid fishes of the Cretaceous {Lcpidotus, 

Fycfiodus, &c.) present no features of special in- 
terest. Little, also, need be said about the Placoid 
fishes of this period. As in the Jurassic deposits, 
the remains of these consist partly of the teeth of 
genuine Sharks [Lanina, Odontas/>is, &c.), and partly 
of the teeth and defensive spines of Cestracionts, 
such as the living Port -Jackson Shark. The pointed and sharp- 
edged teeth of true Sharks are very abundant in some beds, such 
as the Upper Greensand, and are beautifully preserved. The 
teeth of some forms [Carcharias, &c.} attain occasionally a 
length of three or four inches, and indicate the existence in the 
Cretaceous seas of huge predaceous fishes, probably larger than 
any existing Sharks. The remains of Cestracionts cpnsist 
partly of the flattened teeth of genera such as Acrodus and 
Ptychodus (the latter confined to rocks of this age), and partly 
of the pointed teeth of Hybodus, a genus which dates from the 
Trias. In this genus the teeth (fig. 206) consist of a principal 
central cone, flanked by mingr lateral copes; and the fin- 


Fig. 205.— 
Guard of 
Belcmniiella 
mneronaia. 
White Chalk. 



Fig. eo6.— Tooth Fig. 207.— Fin-spine of Lower Greensand, 

of Hyhodus. 


spines (fig. 207) are longitudinally grooved, and carry a series 
of small spines on their -hinder or concave margin, Lastly, 
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the great modern order of the Bony Fishes or Tekosfeans 
makes its_ first apjjearance in the Upper Cretaceous rocks 
where it is represented by forms belonging to no less than 
three existing groups — namely, the Salmon family [Sal- 
monida), the Herring family {Clu^eidcd), and the Perch family 
{Percidce). All these fishes have thin, horny, overlapping 


Fig. 208.— I, Beryx Lewesieusis, a Percoid fish from the Chalk ; 2, Osmeroides 
Majttelii, a Salmonoid fish from the Chalk. 

scales, symmetrical (“ homocercal”) tails, and bony skeletons. 
The genus Beryx (fig. 208, i) is one represented by existing 
species at the present -day, and belongs to the Perch family. 
1 he genus Os 7 ?ieroides, again (fig. 208, 2), is supposed to be 
related to the living Smelts (^Osmeries), and, therefore, to 
belong to the Salmon tribe. 

No remains of Ain^hibians have hitherto been detected in 
any part of the Cretaceous series ^ but Reptiles are extremely 
numerous, and belong to very varied types. As regards the 
great extinct groups of Reptiles which characterise the Meso- 
zoic period as a whole, the huge Enaliosaurs ” or “Sea- 
Lizards are still represented by the Ichthyosaur and the 
Plesiosaur. Nearly allied to the latter of these is the Elas- 
mosaurus Qf the America!^ Cretaceous, which combined the 
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long tail of the Ichthyosaur with the long neck of the Plesio- 
saur. The length of this monstrous .Reptile could not have 
been less than fifty feet, the neck consisting of over sixty 
vertebrae and measuring over twenty feet in length. The 
extraordinary Flying Reptiles of the Jurassic are likewise well 
lepiesented in the Oietaceous rocks by species of the genus 
Pterodactylus itself, and these later forms are much more 
gigantic in their dimensions than their predecessors. Thus 
some of the Cretaceous Pterosaurs seem to have had a spread 
of wing of from twenty to twenty-five feet, more than realising 
the “ Dragons” of fable in point of size. The most remark- 
able, however, of the Cretaceous Pterosaurs are the forms 
which have recently been described by Professor Marsh under 
the generic title of Pteranodou. In these singidar forms— so 
far only known as American— the animal possessed a skeleton 
in all respects similar to that of the typical Pterodactyles, 
except that the jaws are completely destitute of teeth. There 
is, therefore, the stronge.st probability that tlie jaws were 
encased in a horny sheath, thus coming to resemble the beak 
of a Bird. Some of the recognised species of Ptcranodon are 
very small j but the skull of one species {P. lo?igiceps) is not 
less than a yard hi length, and there are portions of the skull 
of another species which would indicate a lengtli of four feet 
for the cranium. These measurements would point to dimen- 
sions larger than those of any other known Pterosaurs. 

The great Mesozoic order of the Deinosaurs is largely rep- 
resented in the Cretaceous rocks, partly by genera whidi 
previously existed in tlie J urassic period, and partly by entirely 
new types. The great tlelta-deposit of the Wealden, in the 
Old World, has yielded the remains of various of these huge 
terrestrial Reptiles, and very many others have been found in 
the Cretaceous deposits of North America. One of the most 
celebrated of the Cretaceous Deinosaurs is the Iguanodo?i, so 
called from the curious resemblance of its teeth to" those of the 
existing but comparatively diminutive Iguana. The teeth (fig. 
209) are soldered to the inner face of the jaw, instead of being 
sunk in distinct sockets; and they have the form of somewhat 
flattened prisms, longitudinally ridged on the outer surface, 
with an obtusely triangular crown, and having the enamel 
crenated on one or both sides. They present the extraordinary 
feature that the crowns became worn down flat by mastication, 
showing that the Iguanodon employed its teeth in actually 
chewing and triturating the vegetable matter on which it fed. 
There can therefore be no doubt but that the Iguanodon, in 
spite of it§ immense bulk, was an herbivorops Reptile, and 



Fig. 2og.— Teeth of Igitanodon Mantellii. Wealden, Britain. 

at from thirty to fifty feet, the thigh-bone in large examples 
measuring nearly five feet in length, with a circumference of 
twenty-two inches in its smallest part. With the strong and 
massive hind-limbs are associated comparatively weak and 
small fore-limbs ; and there seems little reason to doubt that 
the Iguanodon must have walked temporarily or permanently 
upon "its hind-limbs, after the manner of a Bird. This conjec- 
ture is further supported by the occurrence in the strata which 
contain the bones of the Iguanodon of gigantic three-toed foot- 
prints, disposed singly in. a double track. These prints have 
undoubtedly been produced by some animal walking on two 
legs; and they can hardly, with any probability, be ascribed to 
any other than this enormous Reptile. Closely allied to the 
Iguanodon is the Hadrosaurus of the American Cretaceous, the 
length of which is estimated at twent)''- eight feet. Iguanodon 

does not appear to have possessed any integumeptary skeleton; 

but the great Hylceosaurus of the Wealden seems to have been 
furnished with a longitudinal crest of large spines running 
do'wn the back, similar to that which is found in the compara- 
tively small Iguanas of the present day. The Megalosaurus of 
the Oolites continued to exist in the Cretaceous period; and, as 
we have previously seen, it was carnivorous in its habits. The 
American Lcolaps was also camiyorouSj and, like the Megalosapr, 
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which it very closely resembles, appears to have walked upon 
it.s hind-legs, the fore-limbs being disproportionately small. 

Another remarkable group of Reptiles, exclusively confined 
to the Cretaceous series, is that of the Mosasanroidi\ so called 
from tlie type-genus Mosasaimts. 'fhe first species of Mosa- 
saurus known 10 science, was the AT. CamJjeri (fig. 210), the 



Fig. 210. — Skull of Mosasaimis Camjicri, greatly reduced. Maestricht Chalk. 


skull of which — six feet in length — was 'discovered in 1780 in 
the Maestricht Chalk at Maestricht. As this town stands on 
the river Meuse, the name of Mosasaw'us (“ Lizard of the 
Meuse”) was applied to this immense Reptile. Of late years 
the remains of a large number of Reptiles more or less closely 
related to Masasaurus, or absolutely belonging to it, have been 
discovered in the Cretaceous deposits of North America, and 
have been described by Profe.s.sors Cope and Marsh. All 
the known forms of this group appear to have been of large 
size — one of them, Mosasaurus firinceps, attaining the length of 
seventy-five or eighty feet, and thus rivalling the largest of ex- 
isting Whales in its dimensions. The teeth in the “ Mosa- 
sauroids” are long, pointed, and slightly curved; and instead 
of being sunk in distinct sockets, they are firmly amalgamated 
with the jaws, as in modern Lizards. The palate also carried 
teeth, and the lower jaw was so constructed as to allow of the 
mouth being opened to an immense width, somewhat as in the 
living Serpents. The body was long and snake-like, with a 
very long tail, which is laterally compressed, and must have 
served as a powerful swimming-apparatus. In addition to this, 
both pairs of limbs have the bones connecting them with tlie 
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irunk greatly shortened ; whilst the digits were enclosed in the 
integuments, and constituted paddles, closely resembling in 
structure the “ flippers ” of Whales and Dolphins. The neck 
is sometimes moderately long, but oftener very short, as the 
great size and weight of the head would have led one to anti- 
cipate. Bony plates seem in some species to have formed an 
at any rate partial covering to the skin ; but it is not certain 
that these integumentai-y appendages were present in all. Up- 
on the whole, there can be no doubt but that the Mosasauroid 
Reptiles — the true “Sea-serpents ” of the Cretaceous period — 
were essentially aquatic in their habits, frequenting the sea, 
and only occasionally coming to the land. 

The “ Mosasauroid s ” have generally been regarded as a 
greatly modified group of the Lizards {Lacertilia). Whether 
this reference be 'correct or not — and recent investigations 
render it dubious — the Cretaceous rocks have yielded the 
remains of small Lizards not widely removed from existing 
forms. The recent order of the Chelonians is also represented 

in the Cretaceous rocks, 
by forms closely re- 
sembling living types. 
Thus the fre.sh -water 
deposits of the Wealden 
have yielded e.xamples 
of the “Terrapins” or 
“ Mud-Turtles” [Rinys)\ 
and the marine Creta- 
ceous strata have been 
found to contain the 
remains of various spe- 
cies of Turtles, one of 
which is here figured 
(fig. 21 1). No true 
Serpents (( 9 //«V&)have 
as yet been detected in 
the Cretaceous rocks; 
and this order does not 
appear to have come 
into existence till the 
Tertiary period. Last- 

Fig. 2II.— Carapace of Ckelme Benstedi. ^7? t^Ue Cl’OCOdileS are 

Lower Chalk. (After Owen.) knOWll tO have existed 

. • in considerable num- 

bers m the Cretaceous period. The oldest of these occur 
jn the fresh-water deposit of the Wealden; and they differ from 
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the existing forms of the group in the fact that the bodies 
of the vertebrm, like those of the Jurassic Crocodiles, are 
bi-concave, or hollowed out at both ends. In the Greensand 
of North America, however, occur the remains of Crocodiles 
which agree with all the living species in having the bodies of 
the vertebrae in the region of the back hollowed out in front 
and^convex behind. 

have not hitherto been shown, with certainty, to have 
existed in Europe during the Cretaceous period, except in a 
few instances in which fragmentary remains belonging to this 
class have been discovered. The Cretaceous deposits of 
North America have, however, been shown by Professor 
Marsh to contain a considerable number of the remains of 
Birds, often in a state of excellent preservation. Some of 
these belong to Swimming or Wading Birds, differing in no 
point of special interest from modern birds of similar habits. 
Others, however, exhibit such extraordinary peculiarities that 
they merit more than a passing notice. One of the forms in 
ciuesdon constitutes the genus Ichthyomis of Marsh, the type- 
species of which (/. dispar) was about as large as a Pigeon. 
In two remarkable respects, this singular Bird differs from all 
known living members of the class. One of these respects 
concerns the jaws, both of which exhibit the Reptilian char- 
acter of being armed with numerous small pointed teeth (fig. 

2 12, a), sunk in distinct sockets. No existing bird possesses 
teeth; and this character forcibly recalls the Bird-like Ptero- 
saurs, with their toothed jaws, Ic/ithyornis, however, possessed 
fore-limbs constructed strictly on the type of the “wing” of the 
living Birds; and it cannot, therefore, be separated from this 
class. Another extraordinary peculiarity of Jehthyornis is, that 
the bodies of the vertehne (fig. 212, <:) were biconcave, as is the 
case with many extinct Reptiles and almost all Fishes, but as 
does not occur in any living Bird. There can be little doubt 
that IcJithyornisvta% aquatic in its habits, and that it lived prin- 
cipally upon fishes ; but its powerful wings at the same time 
indicate that it was capable of prolonged flight. The tail of 
Ichthyornis has, unfortunately, not been discovered ; and it is 
at present impossible to say whether this resembled' the tail of 
existing Birds, or whether it was elongated and composed of 
separate vertehne, as in the Jurassic Archeeopteryx. 

Still more wonderlnl than Ichthyornis is the marvellous bird 
described by Marsh under the name of Ilesperoriiis regalis. 
This presents us with a gigantic diving bird, somewhat re- 
sembling the existing “Loons” {Colymbus), but agreeing 
with Ichthyornis in having the Jaws furnished with conical, 
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recurved, pointed teeth (fig. 212, b). Hence these forms are 
grouped together in a new sub-class, under the name of Odon- 
tornithcs or “Toothed Birds-’' The teeth oi Hesperornis 
212, d) resemble those of Ichtbiyornis in their general form ; 




Fig. 212. — Toothed Birds iOdoniorttHhes) of the Cretaceous Rocks of America, a. 
Left lower jaw of Ickihyonus dispar, slightly enlarged ; b. Left lower jaw of Hesperomis 
regalis, reduced to nearly one-fourth of the natural size; c. Cervical vertebra of 
dispar, front view, twice the natural size ; d. Side view of the same ; d, Tooth of Hesper~ 
ornis regalis, enlarged to twice the natural size. (After Marsh.) 


but instead of being sunk in distinct sockets, they are simply 
implanted in a deep continuous groove in the bony substance 
of the jaw. The front of the upper jaw does not carry teeth, 
and was probably encased in a horny beak. The breast-bone 
is entirely destitute of a central ridge or keel, and the wings 
are minute and quite rudimentary \ so that Hesperomis^ unlike 
Ichthyornis, must have been wholly deprived of the power of 
flight, in this respect approaching the existing Penguins. The 
tail consists of about twelve vertebra, of which the last three or 
four are amalgamated to form a fiat terminal mass, there being 
at the same time clear indications that the tail was capable 
of up and down movement in a vertical plane, this proba- 
bly fitting it to serve as a swimming-paddle or rudder. The 
legs were powerfully constructed, and the feet were adapted to 
assist the bird in rapid motion through the water. The knowrx 
remains of Hespei'ornis regalis prove it to have been a swim- 
ming and diving bird, of larger dimensions than any of the 
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aquatic members of the class of Birds with which we are ac- 
quainted at the present day. It appears to have stood between 
live and six feet high, and its inability to fly is fully compen- 
sated tor by the numerous adaptations of its structure to a 
watery life. ^ Its teeth prove it to have been carnivorous in its 
nabits, and it probably lived upon fishes. It is a curious fact 
tnat two Birds agreeing with one another in the wholly abnor- 
mal diaracter of possessing teeth, and in other respects so 
entirely different, should, like Ichfhyornis and Ilesperornis, 
nave lived not only in the same geological period, but also in 
tne same geographical area ; and it is equally curious that 
tiie area inhabited by these toothed Birds should at'^the same 
time have been tenanted by winged and bird-like Reptiles 
belonging to the toothed genus Fterodaciylui and the toothless 
genus Pteranodon. 

_ No remains of Mammals, finally, have as yet been detected 
m any sedimentary accumulations of Cretaceous age. 
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CHAPTER XVIII. 

THE EOCENE PERIOD. 

^ Before commencing tlie study of the subdivisions of the 
Kainozoic series, there are some general considerations to be 
noted. In the first place, there is in the Old World a com- 
plete and entire physical break between the rocks of the 
Mesozoic and Kainozoic periods. In no instance in Europe 
are Tertiary strata to be found resting conformably upon any 
Secondary rock. The Chalk has invariably suffered much 
erosion and denudation before the lowest Tertiary strata were 
deposited upon it. This is shown by the fact that the actually 
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eroded surface of the Chalk can often be seen ; or, failing this, 
that _we can point to the presence of the chalk-flints in the 
Tertiary strata. This last, of course, affords unquestionable 
proof that the Chalk must have been subjected to enormous 
denudation prior to the formation of the Tertiary beds, all the 
chalk itself having been removed, and nothing left but the 
flints, while these are all rolled and rounded. In the continent 
of North America, on the other hand, the lowest Tertiary strata 
have been shown to graduate dowmvards conformably with the 
highest Cretaceous beds, it being a matter of difficulty to draw 
a precise line of demarcation between the two formations. 

In the second place, there is a marked break in the life of 
the Mesozoic and Kainozoic periods. With the exception of 
a few Forammfera, and one Brachiopod (the latter doubtful), 
no Cretaceous species is known to have survived the Creta- 
ceous period ; while several characteristic familit's, such as the 
Anmionitidoi, BelenmitidcB, and Blippuritidce, died out entirely 
with the close of the Cretaceous rocks. In the Tertiary rocks, 
on the other hand, not only are all the animals and plants 
more or less like existing types, but we meet with a constantly- 
increasing number of living species as we pass from the bottom 
of the Kainozoic series to the top. Upon tins last fact is 
founded the modern classification of the Kainozoic rocks 
propounded by Sir Charles Lyell. » ’ 

The absence in strata of Tertiary age of the chambered 
Cephalopods, the Belemnites, the Hippurites, tlie Inocerami 
and the diversified types of Reptiles which form such con- 
spicuous features in the Cretaceous fluma, render the palaeon- 
tological bleak between the Chalk and the Eocene one far too 
serious to be overlooked. At the same time, it is to be re- 
membered that the evidence afforded by the explorations car- 
ried out of late yeais as to the animal life of the deep sea, ren- 
deis it certain that the extinction of marine forms of life at the 
close of the Cretaceous period was far less extensive than had 
been previously assumed. It is tolerably certain, in fact, that 
we may look upon some of the inhabitants of the depths of our 
existing oceans as the direct, if modified, descendants of ani- 
mals which were in existence when the Chalk was deposited. 

It follows from the^ general want of conformity betv'^een the 
Cretaceous and I ertiary rocks, and still more from the great 
difference in life, that the Cretaceous and Tertiary periods are 
separated, in the Old World at any rate, by an enormous lapse 
of unrepiesented time. How long this interval may have been, 
we have no means of judging exactly, but it very possibly was 
as long as the whole Kainozoic epoch itself. Some day we 
20 
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shall doubtless find, at some part of the earth’s surface, marine 
strata which were deposited during this period, and which will 
contain fossils intermediate in character between the organic 
remains Avhich respectively characterise the Secondary and 
Tertiary periods. At present, we have only slight traces of 
such deposits — as, for instance, the Maestricht beds, the Faxoe 
Limestone, and the Pisolitic Limestone of France. 

Classification of the Tertiary Rocks. — The classifica- 
tion of the Tertiary rocks is a matter of unusual difficulty, in 
consequence of their occurring in disconnected basins, form- 
ing a series of detached areas, which hold no relations of 
superposition to one another. The order, therefore, of the 
'Fertiaries in point of time, can only be determined by an ap- 
peal to fossils ; and in such determination Sir Charles Lyell 
proposed to take as the basis of classification the proportion of 
living or existing species of Mollusca which occurs in each stratum 
or group of strata. Acting upon this principle. Sir Charles 
Lyell divides the Tertiary series into four groups : — 

I. The Eocene formation (Gr. eos, dawn ; kainos, new), con- 
taining the smallest proportion of existing species, and being, 
therefore, the oldest division. In this classification, only the 
Mollusca are taken into account; and it was found that of 
these about three and a half per cent were identical with ex- 
isting species. 

II. The Miocene formation (Gr. melon, less ; kainos, new), 
with more recent species than the Eocene, but less than the suc- 
ceeding formation, and less than one-half the total number in the 
formation. As before, only the Mollusca are taken into account, 
and about 17 per cent of these agree with existing species. 

III. The Pliocene formation (Gr. pleion, more ; kainos, new), 
with generally more than half the species of shells identical with 
existing species — the proportion of these varying from 35 to 
50 per cent in the lower beds of this division, up to 90 or 95 
per cent in its higher portion. 

IV. The Post-Tertiary Formations, in which all the shells 
belong to existing species. This, in turn, is divided into two 
minor groups — the Post-Pliocene and Recent Formations. In 
the Post-Pliocene formations, while all the Mollusca belong to 
existing species, most of the Mammals belong to extinct 
species. In the Recent period, the quadrupeds, as well as the 
shells, belong to living species. 

The above, with some modifications, was the original classi- 
fication proposed by Sir Charles Lyell for the Tertiary rocks, 
and now universally accepted. More recent i-esearches, it is 
true, have somewhat altered tire proportions of existing species 
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to extinct, as stated above. The general principle, however, 
of an increase in the number of living species, still holds good ; 
and this is as yet the only satisfactory basis upon which it has 
been proposecl to arrange the Tertiary deposits. 


Eocene Formation. 

The Eocene rocks are the lowest of the Tertiary series, and 
comprise all those Tertiary deposits in which there is only a 
small proportion of existing Mollusca — from three and a half 
to five per cent. The Eocene rocks occur in several basins in 
Britain, France, the Netherlands, and other parts of Europe, 
and in the United States. The subdivisions which have been 
established are extremely numerous, and it is often impossible 
to parallel those of one basin with those of another. It will 
be sufficient, therefore, to accept the division of the Eocene 
formation into three great groups — Lower, Middle, and Upper 
Eocene — and to consider some of the more important beds 
comprised under these heads in luirope and in North America. 

1. Eocene of Britain, (i.) Lower Eocene. — The base 
of the Eocene series in Britain is constituted by about 90 feet 
of light-coloured, sometimes argillaceous sands {Thanet Sa7ids), 
which are of niarine origin. Above these, or forming the base 
of the formation where these are wanting, come mottled clays 
and sands with lignite ( Woolwich atui Reading series), which 
are estuarine or fluvio-marine in origin. The highest member 
•of the Lower Eocene of Britain is the Lo 7 idoii Claj>,” consist- 
ing of a great mass of dark-brown or blue clay, sometimes with 
sandy beds, or with layers of “ septaria,” the whole attaining a 
thickness of from 200 to as much as 500 feet. The London 
Clay is a purely marine deposit, containing many marine fossils,, 
with the remains of terrestrial animals and plants ; all of which 
indicate a high temperature of the sea and tropical or sub- 
troiiical conditions of the land. 

(2,) Middle Eocene. — The inferior portion of the Middle 
Eocene of Britain consists of marine beds, chiefly consisting 
of sand, clays, and gravels, and attaining a very considerable 
thickness [Bagshoi a 7 id B 7 'ackleshai)i beds). The superior por- 
tion of the Middle Eocene of Britain, on the other hand, con- 
sists of deposits which are almost exclusively fresh-water or 
brackish-water in origin (/’" ’ ’ ’ 

The chief Continental ^ 
the ‘‘Calcaire grossiei 
miilitic Limestone ” of 
(3.) Upper Eocene 
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die Isle of Wiglit_ be placed in the Middle Eocene, the only 
Hritish representatives of the Upper Eocene are the Benibridge 
beds. These strata consist of limestones, clays, and marls, 
winch have for the most part been deposited in fresh or brack- 
ish water. 

II. Eocene Beds of the Paris Basin. — The Eocene 
strata are very well developed in the neighbourhood of Paris, 
wheie they occupy a lai^e area or basin scooped out of the 
Lhalk. ^ The beds of this area are partly marine, partly fresh- 
watei in origin and the following table (after Sir Charles 
Lyell) shows their subdivisions and their parallelism with the 
English series : — 


General Table of French Eocene Strata. 


UPPER EOCENE. 


French Snbdivisions, 

A. I. Gypseous series of Mont- 
martre. 

A. 2. Calcaire silicieux, or Tra- 
vertin Inferieur. 

A. 3. Gres de Beauchamp, or 

Sables Moyens. 

MIDDLE 

B. I. Calcaire Grossier, 

B. 2. Soissonnais Sands, or Lits 
Coquilliers. 


E7t^l{sh Eqidvcile7iis, 

1. Benibridge series. 

2. Osborne and Fleadon series. 

3. White sand and clay of Barton 

Cliff, Hants. 

EOCENE. 

1. Bag.shot and Bracklesham beds. 

2. Wanting. 


C. I. Argile de Londres at base of 
Hill of Cassel, near Dun- 
kirk. 

C. 2. Argile plastique and lignite. 
C. 3. Sables de Bracheux. 


lower EOCENE. 


1. London clay. 

2. Plastic clay and sand with lig- 
nite (Woolwich and Reading 
series). 

3. Thanet sands. 

III. Eocene Strata of the United States, — The low- 
est inember of the Eocene deposits of North America is the 
so-ca^ ed ^ I^nitic Formation^' which is largely developed in 
Mississippi, Tennessee, Arkansas, Wyoming, Utah, Colorado, 
and Lalilornia, and sometimes attains a thickness of several 
thousand feet. Stratigraphically, this formation exhibits the 
interesting point that it graduates downwards insensibly and 
conformably into the Cretaceous, whilst it is succeeded tmco7i- 
for?m y y strata of Middle Eocene age. Lithologically, the 
senes consists principally of sands and clays, with beds of lig- 
nf fr? L and Its organic remains show that it is principally 

of fresh-water ongin with a partial intermixture of marine beds. 
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These marine strata of the “ Ligiiitic formation ” are of special 
interest, as showing such a coinmingling of Cretaceous and 
Teitiary types of life, that it is impossible to draw any rigid 
line in this region between the Mesozoic and Kainozoic sys- 
tems. Thus the marine beds of the Lignitic series contain 
such charactei istic Cretaceous forms as liiocef'cittuis and Atu- 
monites, along with a great number of Univalves of a distinctly 
Teitiary type (Cones, Cowries, &c.) Upon the lyhole, there- 
foie, we must regard this series of deposits as affording a kind 
of transition between the Cretaceous and the Eocene, holding 
in some respects a position which may be compared with that 
held by the Purbeck beds in Britain as regards the Jurassic 
and Cretaceous. 

The Middle Eocene of the United States is represented 
by the Claiborne and Jacksofi beds. The Claiborne series is 
extensively developed at Claiborne, Alabama, and consists of 
sands, clays, lignites, marls, and impure limestones, containing 
marine fossils along with numerous plant-remains. The Jack- 
son series is represented by lignitic clays and marls which occur 
at Jackson, Mississippi. Amongst the more remarkable fossils 
of this series are the teeth and bones of Cetaceans of the 
genus Zeuglpdon, 

Strata of Upper Eocene age occur in North America at 
Vicksburg, Mississippi, and are known as the Vicksimrg series. 
They consist of lignites, clays, marls, and limestones. Fresh- 
water deposits of Eocene age are also largely developed in 
parts of the Rocky Mountain region. The most remarkable 
fossils of these beds are Mammals, of which a large number of 
species have been already determined. 


Life of the Eocene Period. 

The fossils of the Eocene deposits are so numerous that 
nothing more can be attempted here than to give a brief and 
geneial sketch of the life of the period, special attention being 
directed to some of the more prominent and interesting types 
amongst M'hich--as throughout the Tertiary series-— the Mam- 
mals hold the first place. It is not uncommon, indeed, to 
speak of the Tertiary period as a whole under the name of the 
“Age of Mammals,” a title at least as well deserved as that of 
“ Age of Reptiles ” applied to the Mesozoic, or “ Age of Mol- 
luscs ” applied to the Palmozoic epoch. 

As regards t\\&:plants of the Eocene, the chief point to be 
noticed is, that the conditions which had already set in with 
the commencement of the Upper Cretaceous, are here con- 
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tinned, and still further enforced. The Cycads of the Secondary- 
period, if they have not totally disappeared, are exceedingly 
rare; and the Conifers, losing the predominance which they 
enjoyed in the Mesozoic, are now relegated to a subordinate 
though well-defined place in the terrestrial vegetation. The 
great majority of the Eocene plants are referable to the groups 
of the Angiospermous Exogens and the Monocotyledons ; and 
the vegetation of the period, upon the whole, approximates 
closely to that now existing upon the earth. The plants of the 
European Eocene are, however, in the main most closely allied 
to forms which are now characteristic of tropical or sub-tropical 
regions. Thus, in the London Clay are fomrd numerous fruits 
of Palms (fSfipaditcs, fig. 213), along with various other plants, 
most of which indicate a warm climate 


Fig. 213. — Ni(>adiies 
ticus, the fruit of afossU Palm. 
London Clay, Isle of Sheppey. 



as prevailing in the south of England 
at the commencement of the Eocene 
period. In the Eocene strata of North 
America occur numei'ous pilants belong- 
ing to existing types — such as Palms, 
Conifers, the Magnolia, Cinnamon, Fig, 
Dog-wood, Maple, Hickory, Poplar, 
Plane, &c. Taken as a whole, the 
Eocene flora of North America is nearly 
related to that of the Miocene strata of 
Europe, as well as to that now existing 
in the American area. We may con- 
clude, therefore, that “ the forests of 
the American Eocene resembled those 


of the European Miocene, and even of modern America” 


(Dana). _ ^ 

As regards the animals of the Eocene period, the Protozoans 
are represented by numerous Foraniinifera, which reach here 
their maximum of development, both as regards the size of 
individuals and the number of generic types. Many of the 
Eocene Foraminifers are of small size ; but even these not 
uncommonly form whole rock -masses. Thus, the so-called 
“ Miliolite Limestone ” of the Paris basin, largely used as a 
building-stone, is almost wholly composed of the shells of a 
small species of Miliola. The most remarkable, however, of 
the many members of this group of animals which flourished in 
Eocene times, are the “Nummulites” {Nummulina'), so called 
from their resemblance in shape to coins (Lat. minimus, a coin). 
The Nummulites are amongst the largest of all known^ Foi'a- 
minifera, sometimes attaining a size of three inches in circum- 
ference; and their internal structure is very complex (fig. 214)- 
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Many species are known, and they are particularly character- 
istic of the Middle and Upper of these periods — their place 



^ 2 3 

Pig. 214. — N 7 ivitiinlinahc 7 )igata. Middle Eocene. 


being sometimes taken by Orhitoides^z. form very similar to the 
Nummulite in external appearance, but differing in its internal 
details. In the Middle Eocene, the remains of Nummulites 
are found in va.st numbers in a very widely-spread and easily- 
recognised formation known as the “Nummulitic Limestone” 
(fig. ro). According to Sir Charles Lyell, “the Nummulitic 
Limestone of the Swiss Alps rises to more than 10,000 feet 
above the level of the sea, and attains here and in other moun- 
tain-chains a thickness of several thousand feet. It may be 
said to jolay a far more conspicuous part than any other Tertiary 
gi'oup in the solid framework of the earth’s crust, whether in 
Europe, Asia, or Africa. It occurs in Algeria and Morocco, 
and has been traced from Egypt, Avhere it was largely quarried 
of old for the building of the Pyramids, into Asia Minor, and 
across Persia by Bagdad to the mouths of the Indus. It has 
been observed not only in Cutch, but in the mountain-ranges 
which separate Scinde from Persia, and which form the passes 
leading to Cabul ; and it has been followed still further east- 
ward into India, as far as Eastern Bengal and the frontiers of 
China.” The shells of Nummulites have been found at an 
elevation of 16,500 feet above the level of the sea in Western 
Thibet j and the distinguished and philosophical geologist just 
quoted, further remarks, that “when we have once arrived at 
the conviction that the Nummulitic formation occupies a mid- 
dle and upper place in the Eocene series, we are struck with 
the comparatively modern date to which some of the greatest 
revolutions in the physical geography of Europe, Asia, and 
Northern Africa must be referred. All the mountain-chains— 
such as the Alps, Pyrenees, Carpathians, and Himalayas — into 
the composition of ’whose central and loftiest parts the Num- 
mulitic strata enter bodily, could have had no existence till 
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after the Middle Eocene period. During that period, the sea 
prevailed where these chains now rise; for Nummulites and 
their accompanying Testacea were unquestionably inhabitants 
of salt water.” 

The Coslenterates of the Eocene are represented principally 
by Corals, ^ mostly of types identical with or nearly allied to 
■those now in existence. Perhaps the most characteristic group 
of these is that of the TurbinoUdce, comprising a number of 
simple “ cup corals,” which probably lived in moderately deep 
water. One of the forms belonging to this family is here 
figured (fig. 215). Besides true Corals, the Eocene dejiosits 
have yielded the remains of the “ Sea- 
pens ” {Pennatulidce) and the branched 
skeletons of the “Sea-shrubs” [Gorgonidce). 

The Echinodervis are represented prin- 
cipally by Sea-urchins, and demand nothing 
more than mention. It is to be observed, 
however, that the great group of the Sea- 
lilies (^Crinoids) is now verging on extinc- 
tion, and is but very feebly represented. ■ 
Amongst theAf<?//z/:w,the Poiyzoans and 
BracJiioJiods also require no special men- 
tion, beyond the fact that the latter are 
greatly reduced in numbers, and belong 
principally to the existing genera Tere- 
bratula and Phynclionella. The Bivalves 
{Lamcllibranchs) and the Univalves {Gas- 
teropods') are exceedingly numerous, and 
almost all the principal existing genera are 
now represented ; though less than five 
per cent of the Eocene species are identical 
with those now living. It is difficult to 
make any selection from the many Bivalves 
which are known in deposits of this age ; 
but species of Cardita, Crassatella, Leda, 
Cyrena, Macira, Cardmni, Psanimobia,k.c., 
may be mentioned as verj' characteristic. 
The Cardita planicosta here figured (fig. 
216) is not only vei^r abundant in the 
Middle Eocene, but is very widely distii- 
buted, ranging from Europe to the Pacific coast of North 
America. The Univalves of the Eocene are extremely nu- 
rnerous, and generally beautifully preserved. The majority 
of them belong to that great section of the Gasteropods in 
which the mouth of the shell is notched or produced into 



Fig. •z\s.~TtirhinoUa 
sigcata, viewed from one 
side, and from above. 
Eocene. 
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a canal (when the shell is said to be ‘‘ siphonostomatous 
this section including the carnivorous and most higlily-or- 



Fig. ai6. — Cardita ^latiicosta. Middle Eocene, 


ganised groups of the class. Not only is this the case, but 
a large number of the Eocene Univalves belong to types 
which now attain their maximum of development in the 
warmer regions of the globe. Thus Ave find numerous species 
of Cones {Conus) ^ Volutes {Voluia), Cowries {Cyprcea, fig. 218), 



Olives and Rice-shells {Oliva), Mitre-shells {Mitra), Trampet- 
shells (rrzVd;'2), Auger-shells {Terebra), and Fig-shells 
Along with these are many forms of Pleurotoina, Ilosteliaria, 
Spindle-shells Dog-whelks (^JVcissci^^ At^uTiccs^ £ind many 

round-mouthed ( holostomatous species, belonging to such 
genera^ as TuiTitella, Nenita, Natica, Scalama, &c. The genus 
Cerithmm (fig. 219), most of the living forms of which are 
found in warm regions, inhabiting fresh or brackish waters, 
undergoes a vast development S the Eocene period, where it 
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is represented by an immense number of specific forms some 
of which attain very large dimensions. In the Eocene’ strata 
of the Paris basin alone, nearly one hundred 
. A and fifty species of this genus have been 

detected. The more strictly fresh -water 
deposits of the Eocene period have also 
yielded numerous remains of Univalves such 
as are now proper to rivers and lakes, to- 
gether with the shells of true Land-snails. 
- Amongst these maybe mentioned numerous 
species of Limncza (fig. 220), Physa (fig. 221), 
Melania^ Pahidina^ Planoidis, Helix, Bull- 
7 mis, and Cyclostoma (fig. 222). 

With regard to the Cephalopods, the chief 
point to be noticed is, that all the beautiful 
and complex forms which peculiarly char- 
Fig. ■z-ig.—CeriiTti- actcrised the Cretaceous period have here 
disappeared. We no longer meet -with a 
single example of the Turrilite, the Baculite, 
the Hamite, the Scaphite, or the Ammonite. The only ex- 
ception to this statement is the occurrence of one species 



Fig. ^'io.—Limnim Fig. 221 . — Physa Fig. 222 . — Cyclostoma 

^yramidalis. Eocene. calumnaris. Eocene. Amoudii. Eocene. 


of Ammonite in the so-called “ Lignitic Formation ” of North 
America ; but the beds containing this may possibly be rather 
referable to the Cretaceous — and this exception does not 
affect the fact that the Ammonitidce, as a family, had be- 
come extinct before the Eocene strata were deposited. The 
ancient genus Nautilus still survives, the sole representative of 
the once mighty order of the Tetrabranchiate Cephalopods. 
In the order of the Dibranchiates, we have a like phenomenon 
to observe in the total extinction of the great family of the 
‘‘ Belemnites.” No form refe^ble to this group has hitherto 
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been found in any Tertiary stratum; but the internal skeletons 
of Cuttle-fishes (such as Bcloscpia) are not unknown. 

Remains of Fishes are very abundant in strata of Eocene 
age, especially in certain localities. The most famous depot 
for the fossil fishes of this period is the^ limestone of Monte 
Bolca, near Verona, which is interstrati fied with beds of vol- 
canic ashes, the whole being referable to the Middle Eocene. 
The fishes here seem to have been suddenly destroyed by a 
volcanic eruption, and are found in vast numbers. Agassiz 
has described over one hundred and thirty species of Fishes 
from this locality, belonging to seventy-seven genera. All 
the species are extinct ; but about one-half of the genera are 
represented by living forms. The great majority of the 



Figf. 223 . — Rhombus miniinusj a small fossil Turbot from the Eocene Tertiary, 
Monte Bolca. 


Eocene Fishes belong to the order of the “ Bony Fishes 
{Tekosteafis), so that in the main the forms of Fishes charac- 
terising the Eocene are similar to those which predominate 
in existing seas. In addition to the above, a few Ganoids and 
a large number of Placoids are known to occur in the Eocene 
rocks. Amongst the latter are found numerous teeth of true 
Sharks, such as Otodus (fig. 224) and Carckarodon. The 
pointed and serrated teeth of the latter sometimes attain a 
length of over half a foot, indicating that these predaceous 
fishes attained gigantic dimensions; and it is interesting to 
note that teeth, in external appearance very similar to those 
of the early Tertiary genus Carckarodon, have been dredged 
from great depths during the recent expedition of the Chal- 
lenger. There also occur not uncommonly the flattened 
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teeth of Rays (fig. 225), consisting of flat bony pieces placed 
close together, and forming “ a kind of mosaic iDavement on 
both the upper and lower jaws ” (Owen). 

In the class of the Reptiles^ the disappearance of the char- 



Fig. 224. — Tootli of Fig. 225.— Flattened dental plates of a Ray 

Otodns ohliqiimt. (Myliobntis Eiiwardsii). Eocene. 

Eocene. 


acteristic Mesozoic types is as marked a phenomenon as the 
introduction of new forms. The Ichthyosaurs, the Plesio- 
saurs, the Pterosaurs, and the Mosasaurs of the Mesozoic, 
find no representatives in the Eocene Tertiary ; and the same 
is true of the Deinosaurs, if we except a fisAV remains from the 
doubtfully-situated “ Lignitic formation” of the United States. 
On the other hand, all the modern orders of Reptiles are 
known to have existed during the Eocene period. The 
Chelonians are represented by true marine Turtles, by “ Ter- 
rapins” {EmydidcB), and by “Soft Tortoises” (Trioiiycidci), 
The order of the Snakes and Serpents i^Ophidia) makes its 
appearance here for the first time under several forms — all of 
Avhich, however, are referable to the non-venomous group of 
the “ Constricting Serpents ” {Boidd). The oldest of these 
is the Palmphis toliapicus of the London Clay of Sheppey, 
first made known to science by the, researches of Professor 
Owen. The nearly -allied Palcsophis typhcuus of the Eocene 
beds of Brackleshara appears to have been a Boa-constrictor- 
like Snake of about twenty feet in length. Similar Python- 
like Snakes {Palmophis, Dinophis, Sic.) have been described 
from the Eocene deposits of the United States. True Lizards 
{Lacertiliajis) are found in some abundance in the Eocene 
deposits, — some being small terrestrial forms, like the common 
European limrds of the present day ; whilst others equal or 
exceed the living Monitors in size. Lastly, the modern order 
of the Crocodilia is largely represented in Eocene times, by 
species belonging to all the existing genera, together with 
others referable to extinct types. As pointed out by Owen, 
it is an interesting fact that in the Eocene rocks of the south- 
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west of England, there occur fossil remains of all the three 
living types of Crocodilians — namely, the Gavials, the true 
Crocodiles, and the Alligators (fig. 226) — though at the 



Fig. 226. — Upper jaw of Alligator. Eocene Tertiary, Isle of Wight. 


present day these forms are all geographically restricted in 
their range, and are never associated together. 

Almost all the existing orders of Birds, if not all, are 
represented in the Eocene deposits by remains often very 
closely allied to exi.sting types. Thus, amongst the Swimming 
Birds {Natafores) we find examples of forms allied to the 
living Pelicans and Mergansers; amongst the Waders {Gral- 
latores) we have birds resembling the Ibis (the Numenius 
gypsortim of the Paris basin); amongst the Running Birds 
[Cursores) we meet with the great Gastornis Pariswisis, which 
equalled the African Ostriclr in height, and the still more 
gigantic Dasornis Londinensis ; remains of a Partridge rep- 
resent the Scratching Birds {Rasores)-, the American Eocene 
has yielded the bones of one of the Climbing Birds {Scan- 
sores), apparently referable to the Woodpeckers ; the Protornis 
Glarisiensis of the Eocene Schists of Claris is the oldest 
known example of the Perching Bii'ds {Insessores) ; and the 
Birds of Prey {Raptores) are represented by Vultures, ^ Owls, 
and Plawks. The toothed Birds of the Upper Cretaceous 
are no longer known to exist ; but Professor Owen has 
recently described from the London Clay the skull of a very 
remarkable Bird, in which there is, at any rate, an approxi- 
mation to the structure of Ichthyornis and Blesperornis. The 
bird in question has been named the Odontopteryx toliapiciis, 
its generic title being derived from the very remarkable char- 
acters of its jaws. In this singular form (fig. 227) the margins 
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of both jaws are furnished with tooth- like denticulations, which 
dift'er from true teeth in being actually portions of the bony 



Fig. 227. — Skull of Odofitopteryx toliapicus, restored. (After Owen.) 


substance of the jaw itself, with which they are continuous, 
and which were probably encased by extensions of the horny 
sheath of the bill. These tooth - like processes are of two 
sizes, the larger ones being comparable to canines; and they 
are all directed forwards, and have a triangular or compressed 
conical form. From a careful consideration of all the dis- 
covered remains of this bii'd. Professor Owen concludes that 
“ Odontopteryx was a warm-blooded feathered biped, with 
wings ; and further, that it was web-footed mid a fish-eater, 
and that in the catching of its slippery prey it was assisted by 
this Pterosauroid armature of its jaws.” Upon the whole, 
Odontopteryx would appear to be most nearly related to the 
family of the Geese (A nsermes) or Ducks (Anatidcd) ; but the 
extension of the bony substance of the jaws into tooth-like 
processes is an entirely unique character, in which it stands 
quite alone. 

The known Mammals of the Mesozoic period, as we^ have 
seen, are all of small size; and with one not unequivocal 
exception, they appear to be referable to the order of the 
Pouched Quadrupeds {Marsupials'), almost the lowest group 
of the whole class of the Mammalia. In the Eocene rocks, 
on the other hand, numerous remains of Quadrupeds have 
been brought to light, representing most of the great Mam- 
malian orders now in existence upon the earth, and in many 
cases indicating animals ofveiy considerable dimensions. We 
are, in fact, in a position to assert that the majority of the 
great groups of Quadrupeds with which we are familiar at the 
present day were already in existence in the Eocene period, 
and that their ancient root-stocks were even in this early time 
separated by most of the fundamental differences of structure 
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which distinguish their living representatives. At the sanie 
time, there are some amongst the Eocene quadrupeds which 
have a “ generalised ’’ character, and which may be regarded 
as structural types standing midway between groups now 
sharply separated from one another. 

The order of the Mars^/^/a/s--mcliiding the existing Kan- 
garoos, Wombats, Opossums, Phalangers, &c. — is poorly 
represented in deposits of Eocene age. The most celebrated 
example of this group is the Didelphys gypsorwn of the 
Gypseous beds of Montmartre, near Paris, an Opossum very 
nearly allied to the living Opossums of North and South 
America. 

No member of the Edentates (Sloths, Ant-eaters, and Arma- 
dillos) has hitherto been detected in any Eocene deposit. 
The aquatic order of the Sirenians (Dugongs and Manatees), 
with their fish-lilce bodies and tails, paddle - shaped fore- 
limbs, and wholly deficient hind-limbs, are represented in 
strg.ta of this age by remains of the ancient “ Sea-Cows, to 
which the name of Halitherium has been applied. Nearly 
allied to the preceding is the likewise aquatic order of the 
Whales and Dolphins {Cetaceans), in which the body is also 
fish-like, the hind-limbs are wanting, the fore-limbs are con- 
verted into powerful “flippers” or swimming-paddles, _ and 
the terminal extremity of the body is furnished with a 
horizontal tail-fin. Many existing Cetaceans (such as the 
Whalebone Whales) have no true teeth ; but others (Dol- 
phins, Porpoises, Sperm Whales) possess simple conical teeth. 



Fig. aa'&.—ZeiiglodoH cetoides. A, Molar tooth of the natural size; B, Vertebra, 
reduced ia size. From the Middle Eocene of the United States, (After LyelL) 


In strata of Eocene age, however, we find a singular group 
of Whales, constituting the genus Zeuglodo 7 i (fig. 228), in 
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which the teeth differed from those of all existing forms in 
being of two kinds, — the front ones being conical incisors, 
whilst the back teeth or molars have serrated triangular 
crowns, and are inserted in the jaw by two roots. Each 
molar (fig. 228, A) looks as if it were composed of tw^o 
separate teeth united on one side by their crowns ; and it is 
this peculiarity which is expi'essed by the generic name (Gr. 
2eu£-/e, a yoke ; tooth). The best - known species of 

the genus is the Zeuglodon cctoides of Owen, which attained 
a length of seventy feet. Remains of these gigantic Whales 
are very common in the “ Jackson Beds ” of the Southern 
United States. So common are they that, according to Dana, 
“ the large vertebrse, some of them a foot and a half long and 
a foot in diameter, were formerly so abundant over the 
country, in Alabama, that they were used for making walls, or 
were burned to rid the fields of them.” 

The great and important order of the Hoofed Quadrupeds 
( Ungulata) is represented in the Eocene by examples of both 
ot its two principal sections — namely, those with an uneven 
number of toes (one or three) on the foot {Pcrissodactyk Ungu- 
lates), and those with an even number of toes (two or four) to 
each foot (Artiodactyle Ungulates), Amongst the Odd-toed 
Ungulates, the living family of the Tapirs {Tapirid(e) is repre- 
sented by the genus Coryphodon of Owen. Nearly related to 
the preceding are the species of Palceotherium, which have 
a historical interest as being amongst the first of the Tertiary 
Mammals investigated by the illustrious Cuvier. Several 
species of Palceothere are known, varying greatly in size, the 
smallest being little bigger than a hare, whilst the largest must 
have equalled a good-sized horse in its dimensions. The 
species of Palceotherium appear to have agreed with the 
existing Tapirs in possessing a lengthened and flexible nose, 
which formed a short proboscis or trunk (fig. 229), suitable as 
an instrament for stripping off the foliage of trees — the char- 
acters of the mofar teeth showing them to have been strictly 
herbivorous in their habits. They differ, however, from the 
Tapirs, amongst other characters, in the fact that both the 
fore and the hind feet possessed three toes each ; whereas in 
the latter there are four toes on each fore-foot, and the hind- 
feet alone are three-toed. The remains of Palceotheria have 
been found in such abundance in certain localities as to show 
that these animals roamed in great herds over the fertile plains 
of France and the south of England during the later portion 
of the Eocene period.^ The accompanying illustration (fig. 
229) represents the notion which the great Cuvier was induced 
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by his researches to form as to the outward appearance of 
PalcBotheriwn magnum. Recent discoveries, however, have 



Fig. 229. — Outline of Palceotherium magnum, restored. Upper Eocene, Europe. 
(After Cuvier.) 


rendered it probable that this restoration is in some important 
respects inaccurate. Instead of being bulky, massive, and 
more or less resembling the living Tapirs in form, it would rather 
appear that Palceoiherium magnu?n was in reality a slender, 
graceful, and loug-necked animal, more closely resembling in 
general figure a Llama, or certain of the Antelopes. 

The singular genus Anchitherium forms a kind of transition 
between the Palmotheria and the true Horses (Equidcz). The 
Horse (fig. 230, D) possesses but one fully-developed toe to 
each foot, this being terminated by a single broad hoof, and 
representing the middle toe — the third of the typical five- 
fingered or five-toed limb of Quadrupeds in general. In 
addition, however, to this fully-developed toe, each foot in 
the horse carries two rudimentary toes which are concealed 
beneath the skin, and are known as the /'splint-bones.” 
These are respectively the second and fourth toes, in an 
aborted condition ; and the first and fifth toes are wholly 
wanting. In ^Hififarion (fig. 230, C), the foot is essentially 
like that of the modern Horses, except that the second and 
fourth toes no longer are mere “ splint-bones,” hidden be- 
neath the skin ; but have now little hoofs, and hang freely, 
but uselessly, by the side of the great middle toe, not being 
sufficiently developed to reach the ground. In Anchitherium, 
again (fig. 230, B), the foot is three-toed, like that of Biffarion; 
but the two lateral- toes (the second and fourth) are so far 
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developed that they now reach the ground. The first cligiP 
(thumb or great toe) is still wanting ; as also is^ the fifth digit 



Fig. 230. — Skeleton of the. foot in vamoias forms belonging to. the family of the Egiudcf'.- 
A, Foot of Orohijtpus, Eooene ; E, Foot of Aiichiihermiu, Upper Jiocene and Lower 
Miocene ; C, Foot of Hipp)Cf.rig 7 i, Upper Miocene and Pliocene ; D, Foot of Hor.se 
{Egwts), Pliocene and Recent. The figures indicate the numbers of the digits in the 
typical five-fingered hand of Mammals.. (After Marsh.) 

{little finger or little toe). Lastly,, the Eocene rocks have 
yielded in North America the remains, of a small Equine 
quadruped, to which Marsh has given the name of Orohipfus.. 
In this singular form — which was not larger than a fox — the 
foot (fig. 230, A) carries four toes, all of which are hoofed andl 
touch the ground, but of which the third toe is still the largest.. 
The first toe (thumb or great toe) is still wanting ; but in this, 
ancient representative of the Horses, the fi/th or “ little ” toe 
appears for the first time. As all the above-mentioned forms', 
succeed one another in point of time, it may be regarded as, 
probable that we shall yet be able to point, with some cer- 
tainty, to some still older example of the Ecptidce, in which) 
the first digit is developed, and the foot assumes its typical 
five-fingered condition. 

Passing on to the Even-toed or Artiodactyle Ungulates^ no 
representative of the Hippotamvs seems yet to have existed, 
but there are several forms {Ch(zropotamus, Ifyopotamus, &c.) 
more or less closely allied to the Pigs {Suida)-, and the 
singular group of the Anoplotheridco may be regarded as form- 
ing a kind of transition between the Swine and the Ruminants. 

Anopifiheria (fig. 231) were slender in form, the largest 
not exceeding a donkey in size, with long tails, and having the 
feet terminated by two hoofed toes each, sometimes with a 
pak of small accessory hoofs as well. The teeth exhibit the 
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peculiarity that they are arranged in a continuous series, with- 
out any gap or interval between the molars and the canines; and 



Eig. 231 . — AnoplotJicriwn commune Eocene Tertiary, France. (After Cuvier.) 


the back teeth, like those of all the Ungulates, are adapted for 
grinding vegetable' food, their crowns resembling in form those 
of the true Ruminants. The genera DicJiobune and Xiphodon, 
of the Middle and Upper Eocene, are closely related to 
Anoplotke^Hum, but are more slender and deer-like in form. 
No example of the great Ruminant group of the Ungulate 
Quadrupeds has as yet been detected in deposits of Eocene 
age. 

Whilst true Ruminants appear to .be unknown, the Eocene 
strata of North America have yielded to the researches of 
Professor Marsh examples of an extraordinary group {Dino- 
cei'ata), which may be considered as in some respects inter- 
mediate between the Ungulates and the Proboscideans. In 
JX/mceras itself (fig. 232) we have a large animal, equal in 
dimensions to the living Elephants, ■which it further resembles 
in the structure of the massive limbs, except that there are 
only four toes to each foot. The upper jow was clevoid of 
front teeth, but there were two very large canine teeth, in the 
form of tusks directed perpendicularly downwards ; and there 
was also a series of six small molars on each. Each upjier 
jaw-bone carried a bony projection, which was probably of the 
nature of a “horn-core,” and was originally sheathed in horn. 
Two similar, but smaller, horn-cores are carried on the nasal 
bones; and two much larger projections, also probably of the 
nature of horn-cores, were carried upon the forehead. We 
may thus ^ infer that Dinoceras possessed three pairs of horns, 
all of which resembled the horns of the Sheep and Oxen in 
consisting of a central bony “ core/’ surrounded by a horny 
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sheath. The nose was not prolonged into a proboscis or 
“ trunk/’ as in the existing Elephants ; and the tail was short 



Fig. 232. — Skull of Dinoceras mirabilis, «eatly reduced. Eocene, North America. 
(After Marsh.) 


and slender. Many forms of the Dinocerata oxe known ; but all 
these singular and gigantic- quadrupeds appear to have been 
confined to the North American continent, and to be restricted 
to the Eocene period. 

The important order of the Elephants {Prohoscided) is also 
not known to have come into existence during the Eocene 
period. On the other hand, the great order of the Beasts of 
Prey {^Camivord) is represented iii“ Eocene strata by several 
forms belonging to diffierent types. Thus the Arctocyon pre- 
sents us with an Eocene Carnivore more or less closely allied 
to the existing Racoons ; the Palceonyctis appears to be related 
to the recent Civet-cats; the genus Hymnodo^i is in some 
respects comparable to the living Hysenas ; and the Canis 
Farisiensis of the gypsum-bearing beds of Montmartre may 
perhaps be allied to the Foxes. 

The order of the ^ 2 ds {Cheiroptera) is represented in Eocene 
strata of the Paris basin (Gypseous series of Montmartre) by 
iht Vespertilio Farisiensis (fig. 233), an insect-eating Bat very 
similar to some of the existing European forms. Lastly, the 
Eocene deposits have yielded more or less satisfactory evi- 
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dence of the existence in Europe at this period of examples of 
the orders of the Gnawing Mammals (kodentia), the Insect- 



Fig. 233. — Portion of the skeleton of Ves^crtilio Partsiettsh. Eocene Tertiary, France. 

eating Mammals {Tnsedhwra), and the Monkeys {Qimdru- 
mana)* 


CHAPTER XIX. 

THE MIOCENE PERIOD. 

The Miocene rocks comprise those Tertiary deposits which 
contain less than about 35 per cent of existing species of shells 
[MoUusca), and more than 5 per cent — or those deposits in 
which the proportion of living shells is less than of extinct 
species. They are divisible into a Lower Miocene [Oligocene) 
and an Upper Miocene series. 

In Britain, the Miocene rocks are very poorly developed, 
one of their leading developments being at Bovey Tracy in 
Devonshire, where dr ere occur sands, clays, and beds of lignite 

* A short list of the more important woi-ks relating to the Eocene 
rocks and fossils will he given after all the Tertiary deposits have heert 
treated of, 
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or imperfect^ coal. These strata contain numerous plants, 
amongst wliicli^ are Vines, Figs, the Cinnamon-tree, Palms, 
and many Conifers, especially those belonging to the genus 
(the “Red-woods^’). These Bovey Tracy lignites are 
of Lower Miocene age, and they are lacustrine in origin. Also 
of Lower Miocene age are the so-called “Hempstead Beds” 
of Yarmouth in the Isle of Wight. These attain a thickness of 
less than 200 feet, and are shown by their numerous fossils to 
be principally a true marine formation. Lastly, the Duke of 
Argyll, in 1851, showed that there existed at Ardtun, in the 
island of Mull, certain Tertiary strata containing numerous 
remains of plants ; and these also are now regarded as belong- 
ing to the Lower Miocene. 

In France.^ the Lower Miocene is represented in xA.uvergne, 
Cantal, and Velay, by a great thickness of nearly horizontal 
strata of sands, sandstone, clays, marls, and limestones, the 
whole of fresh-water origin. The principal fossils of these 
lacustrine deposits are Mammalia, of which the remains occur 
in great abundance. In the valley of the Loire occur the 
typical European deposits of Upper Miocene age. These are 
known as the “ Faluns,” from a provincial terra applied to 
shelly sands, employed to spread upon soils which are deficient 
in limej and the^ Upper Miocene is hence sometimes spoken 
of as the ‘‘ Falunian ” formation. The Faluns occur in scat- 
tered patches, which are rarely more than 50 feet in thickness, 
and consist of sands and marls. The fossils are chiefly marine; 
but there occur also land and fresh-water shells, together with 
the remains of numerous Mammals. About 25 per cent of the 
shells of the Faluns are identical with existing species. The 
sands, limestones, and marls of the Department of Gers, near 
the base of the Pjwenees, rendered famous by the number of 
Mammalian remains exhumed from them by M. Lartet, also 
belong to the age of the Faluns. 

In Switzerland, between the Alps and the Jura, there occurs 
a great series of Miocene deposits, known collectively as the 
“ Molasse,” from the soft nature of a greenish sandstone, 
which constitutes one of its chief members. It attains a thick- 
ness of many thousands of feet, and rises into lofty mountains, 
some of which — as the Rigi — are more than 6000 feet in 
height. The middle portion of the Molasse is of marine 
origin, and is shown by its fossils to be of the age of the 
Faluns; but the lower and upper portions of the formation 
are mainly or entirely of fresh-water origin. The Lower 
Molasse (of Lower Miocene age) has yielded about 500 species 
of plants, mostly of tropical or sub-tropical forms, The Upper 
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Molasse has yielded about the same number of plants, with 
about 900 species of Insects, such as wood-eating Beetles 
Water-beetles, White Ants, Dragon-flies, &c. 

In Beigium, strata of both Lower and Upper Miocene age 
.-are known, — ithe former (/Rupelian Clays) containing numerous 
iinarine fossils ; whilst the latter {Bolderberg Sands) have 
yielded numerous .shells 'Corresponding with those of the 
Faluns. 

In Austria.^ Miocene strata are largely developed, marine 
beds belonging to both the Lower and Upper division of the 
formation occurring extensively in the Vienna basin. The 
well-known Brown Coals of Radaboj, in Croatia, with numer- 
ous plants and insects, are also of Lower Miocene age. 

In Germany, deposits belonging to both the Lower and 
Upper division of the Miocene formation are extensively de- 
veloped. To the fonner belong the marine strata of the May- 
once basin, and the marine Rnpelian Clay near Berlin ; whilst 
:a celebrated group of strata belonging to the Upper Miocene 
occurs near Epplesheim, in Hesse-Darmstadt, and is well 
known for the number of its Mammalian remains. 

In Greece, at Pikermd, near Athens, there occurs a celebrated 
deposit of Upper Miocene age, well known to palaeontologists 
through the researches of M.M. Wagner, Roth, and Gaudry 
lupon the numerous Mammalia which it contains. In Italy, 
.also, strata of both Lower and Upper Miocene age are well 
developed in the neighbourhood of Turin. 

In the Siwdlik Hills, in India, at the southern foot of the 
Himalayas, occurs a series of Upper Miocene strata, which 
{have become widely celebrated through the researches of Dr 
Falconer and Sir Proby Cautley upon the numerous remains 
,of Mammals and Reptiles which they contain. Beds of coiTe- 
isponding age, with similar fossils, are known to occur in the 
island of Perim in the Gulf of Cambay. 

Lastly, Miocene deposits are found in North America, in 
'New Jersey, Maryland, Virginia, Missouri, California, Oregon, 
.Src., attaining a thickness of 1500 feet or more. They consist 
principally of clays, sands, and sandstones, sometimes of 
marine and sometimes of fresh-water origin. Near Richmond, 
in Virginia, there occurs a remarkable stratum, wrongly called 
“Infusorial Earth,” which is occasionally 30 feet in thickness, 
and consists almost wholly of the siliceous envelopes of cer- 
tain low forms of plants (Diatoms), along with the spicules of 
Sponges and other siliceous organisms (see fig. 16). _ The 
White River Group of Hayden occurs in the Upper Missouri 
jegion, .and is largely exposed oyer the barren and desolate 
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district known as the Mauvaises Terres.” They have a 
nckness of looo feet or more, and contain numerous remains 
01 Mammals. 1 hey are of lacustrine origin, and are believed 
to be of the age of the Lower Miocene. Upon the whole, 
a out rom 15 to 30 per cent of the Mollusca of the American 
Miocene are identical with existing species. 

In addition to the regions previously enumerated, Miocene 
strata are knowir to be developed in Greenland, Iceland, Spitz- 
oergen, and in other areas of less importance. 

Miocene period is extremely abundant, and, 
Din the nature of the deposits of this age, also extremely 
vane m its chaiacter. The marine beds of the formation 
liave yielded numerous remains of both Vertebrate and Inver- 
e ra e sea-animals ; whilst the fresh-water deposits contain 
le s e etons of such shells, fishes, &c., as now inhabit rivers 
a es. oth the marine and the lacustrine beds have been 
siownto contain an enormous number of plants, the latter 
more particularly ; whilst the Brown Coals of the formation 
^ matter little altered from its original 

I'emains of air-breathing animals, such as 
J^eptiles, Birds, and Mammals, are also abundantly 
toimd, more especially in the fresh-water beds. 

A Miocene period are extraordinarily num- 

tHs ^1 gei^eral features of the vegetation of 

linn f-n ^ Our chief sources of informa- 

mid Anc^ • tke Brown Coals of Germany 

^ d UPP"" of Switzerland, 

Austria i^ regions. The lignites of 

charaSe^I!!L^^fi?^u chiefly of a tropical 
the p-pmi= c A noticeable forms being a Palm of 

Sanf.Tti B), now found in America. The 

of f Miocene of Switzerland are also mostly 

hi NnrTT include several forms now found 

Cvnrpqt; f such as a Tulip-tree {Liriodendron) and a 
from til the more remarkable forms 
fiv 0.7 A maybe mentioned Fan-Palms {Chamcerops, 
nLiol^' numerous tropical ferns, and two species of Cin- 
land indi Plant-remams of the Upper Molasse of Switzer- 
conmosed extraordinarily rank and luxuriant vegetation, 
Amimv the ^ ^ of plants which now live in warm countries, 
mSd formation may be enume- 

fie- 2-iK) fN Maple {Acer), Plane-trees {Platanus 

"36), and other members of the 

Secle 7 n??f'''"' ^^ProteacccB {Banksia, Grernllea, Sic.), 
several species of Sarsaparilla (Smllax), Palms, Cypresses, &c. 
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_ In Britain, the Lower Miocene strata of Bovey Tracy have 
yielded remains of Ferns, Vines, Fig, Cinnamon, Proteacece, 



Fig. 234.— Miocene Palms. A, Chameerof's Helvetica-, B, Sabal major 
Lower Miocene of Switzerland and France. 


&c., along with numerous Conifers. The most abundant of 
these last is a gigantic pine — the Sequoia CouttsicR~yA\\d\ is 




Fig. 236. — Cmf tamo- 
mum folymorphum. a. 
Leaf; b, Flower. Upper 
Miocene. 


very nearly allied to the huge Sequoia { Wellingtonia) gigantea 
of California. _ A nearly-allied form {Sequoia Langsdorffi) has 
been detected in the leaf-bed of Arcltun, in the Hebrides. 

Jn Greenland, as well as in other parts of the Arctic regions, 
Miocene strata have been discovered which have yielded a 
great number of plants, many of which are identical with 
species found in the European Miocene, Amongst these 
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plants are found many trees, such as Conifers, Beeches, Oaks, 
Maples, Plane-trees, Walnuts, Magnolias, &c., with numerous 
shrubs, ferns, and other smaller plants. With regard to the 
Miocene flora of the Arctic regions. Sir Charles Lyell remarks 
that “ more than thirty species of Coniferae have been found, 
including several Sequoias (allied to the gigantic Wellingtonia 
of California), with species of Thujopsis and Salisbiiria, now 
peculiar to Japan. There are also beeches, oaks, planes, 
poplars, maples, walnuts, limes, and even a magnolia, two 
cones of which have recently been obtained, proving that 
this splendid evergreen not only lived but ripened its fruit 
within the Arctic circle. Many of the limes, planes, and . 
oaks were large-leaved species ; and both flowers and fruits, 
besides immense quantities of leaves, are in many cases pre- 
served. Among the shrubs are many evergreens, as Andro- 
meda, and two extinct genera, Daphnogene and P/r Clintockia, 
with fine leathery leaves, together with hazel, blackthorn, 
holly, logwood, and hawthorn. A species of Zaimia {Zamites) 
grew in the swamps, with Fotamogeton, Sparganiuni, and 
Menyanthes ; while ivy and vines twined around the forest- 
trees, and broad-leaved ferns grew beneath their shade. Even 
in Spitzbergen, as far north as lat. 78° 56', no less than ninety- 
five species of fossil plants have been obtained, including 
Taxodium of two species, hazel, poplar, alder, beeclp plane- 
tree, and lime. Such a vigorous growth of trees within 12° of 
the pole, where now a dwarf willow and a few herbaceous 
plants form the only vegetation, and where_ the ground is 
covered with almost perpetual snow and ice, is truly remark- 
able.” 

Taking the Miocene flora as a whole, Dr Heer concludes 
from his study of about 3000 plants contained in the Euro- 
pean Miocene alone, that the Miocene plants indicate tropical 
or sub-tropical conditions, but that there is a striking inter- 
mixture of forms which are at present found in countries 
widely removed from one another. It is impossible to state 
with certainty how many of the Miocene plants belong to 
existing species, but it appears that the larger number are 
extinct. According to Heer, the American types of plants 
are most largely represented in the Miocene flora, next those 
of Europe and Asia, next those of Africa, and lastly those of” 
Australia. Upon the whole, however, the Miocene flora of 
Europe is mostly nearly allied to the plants which we now 
find inhabiting the warmer parts of the United States ; and. 
this has led to the suggestion that in Miocene times thp 
Atlantic Ocean was dry land, and that a migration of Ameri- 
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can plants to Europe was thus permitted. This view is borne 
out by the fact that the Miocene plants of Europe are most 
nearly allied to the living plants of the eastern or Atlantic 
seaboard of the United States, and also by the occurrence of 
a rich Miocene flora in Greenland. As regards Greenland, 
Dr Heer has determined that the Miocene plants indicate a 
temperate climate in that country, with a mean annual tem- 
perature at least 30° warmer than it is at present. 

The present limit of trees is the isothermal which gives the 
mean temperature of 50° Eahr. in July, or about the parallel 
of 67° N. latitude. In Miocene times, however, the Limes, 
Cypresses, and Plane-trees reach the 79th degree of latitude, 
and the Pines and Poplars must have ranged even further 
north than this. 


The Invei'tehrate Animals of the Miocene period are very 
numerous, but they belong for the most part to existing types, 
and they can only receive scanty consideration here. The 
little shells of Foraminifcra are extremely abundant in some 
beds, the genera being in many cases such as now flourish 
abundantly in our seas. The principal forms belong to the 
genera TexiuJaria (fig. 237), Rolmlina, Glanduima, Poly- 
stomel/a, Amphistegina^ &c. 

Corals are very abundant, 
in many instances forming 
regular ‘‘ reefs j” but all the 
more important groups are 
in existence at the present ' 
day. The Red Coral {Cor- 
allmm), so largely sought 
after as an ornamental ma- 
terial, appears for the first 
time in deposits of this age. 

Amongst the Echinoderms, 
we meet with Heart -Urchins {Spatangus), Cake - Urchins' 
{Scutella, fig. 238), and various other forms, the majority of 
which are closely allied to foinns now in existence. 

Numerous Crabs and Lobsters represent C?'ustacea ; but 
the most important of the Miocene Articulate Animals are the 
Insects. Of these, more than thirteen hundred species have 
been determined by Dr Pleer from the Miocene strata of 
Switzerland alone. They include almost all the existing 
orders of insects, such as numerous and varied forms of 
Beetles (Coleoptera), Forest-bugs {Ileniiptera), Ants {Hymett- 
optera), Flies (Diptera), Termites and Dragon-flies \Neiirop- 
tcra), Grasshoppers [Orthoptera), and Butterflies {Lepidoptera). 



Fig. 237 . — Textularia Mcyeriana, greatly 
enlarged. Miocene Tertiary. 
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One of the latter, the well-known Vanessa Pluto of the Brown 
Coals of Croatia, even exhibits the pattern of the wing, and to 



from the south of France. 


some extent its original coloration •, whilst the more durably- 
constructed insects are often in a state of exquisite preser- 
vation. 

The Mollusca of the Miocene period are very numerous, 
but call for little special comment. Upon the whole, they are 
generically very similar to the Shell-fish of the present day; 
whilst, as before stated, from fifteen to thirty per cent of the 
species are identical with those now in existence. So far as the 
European area is concerned, the Molluscs indicate a decidedly 
hottei’ climate than the present one, though they have not such 
a distinctly tropical character as is the case with the Eocene 
shells. Thus we meet with many Cones, Volutes, Cowries, 
Olive- shells, Fig-shells, and the like, which are decidedly 
indicative of a high temperature of the sea. Polyzoans are 
abundant, and often attain considerable dimensions j whilst 
Brachiopods, on the other hand, are few in number. Bivalves 
and Univalves are extremely plentiful ; and we meet here with 
the shells of Winged - Snails [Pteropods), belonging to such 
existing genera as Hyalea (fig. 239) and Cleodora. Lastly, 

the Cephalopods are represent- 
ed both by the chambered 
shells of Nautili and by the 
internal skeletons of Cuttle- 
fishes {Spirulirostra.) 

The Fishes of the Miocene 
period are very abundant, but 
of little special importance. 
Besides the remains of Bony Fishes, we meet in the marine 
deposits of this age with numerous pointed teeth belonging 
to different kinds of Sharks. Some of the genera of these — 
such as Carcharodon (fig. 241), Oxyrhina (fig. 240), Lamna, 
and Galeocerdo — are very widely distributed, ranging through 






Fig. 239. — Different views of the shell 
of Hyalea. Orbignyana, a Miocene 
Pteropod. 
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Fig. 240. — Tooth 
of Oxyrhina xiph- 
odon. Miocene. 


Fig. 241.— Tooth 
of Cnrchwodon pro- 
ducttfs. Miocene. 


both the Old and New Worlds ; and some of the species attain 
gigantic dimensions. 

Amongst the Aniphibiajis we meet with distinctly modern 
types, such as Frogs {Rana) 
and Newts or Salamanders. 

The most celebrated of the 
latter is the A tidrias 

Scheuchzet-i (fig. 242), dis- 
covered in the year 1725 
in the fresli-water Miocene 
deposits of GEningen, in 
Switzerland. The skeleton 
indicates an animal nearly 
five feet in length; and it 
was originally described by 
Scheuchzer, a Swiss physi- 
cian, in a dissertation published in 1731, as the remains of one 
of the human beings who were in existence at the time of the 
Noachian Deluge. Hence he applied to it the name of Homo 
diluvii testis. In reality, however, as shown by Cuvier, we 
have here the skeleton of a huge Newt, very closely allied to 
the Giant Salamander {Menopoma maxima) of Java. 

The remains of Reptiles are far from uncommon in the 
Miocene rocks, consisting principally of Chelonians and Cro- 
codilians. The Land-tortoises {Testudinidce) make their first 
appearance during this period. The most remarkable form 
of this group is the huge Colossochelys Atlas of the tipper 
Miocene deposits of the Siwfilik Hills in India, described by 
Dr Falconer and Sir Proby Cautley. Far exceeding any 
living Tortoise in its dimensions, this enormous animal is 
estimated as having had a length of about twenty feet, measured 
from the tip of the snout to the extremity of the tail, and to 
have stood upwards of seven feet high. All the details of its 
organisation, however, prove that it must have been “ strictly 
a land animal, with herbivorous habits, and probably of the 
most inoffensive nature." The accomplished palaeontologist 
just quoted, shows further that some of the traditions of the 
Hindoos would render it not improbable that this colossal 
Tortoise had survived into the earlier portion of the human 
period. 

Of the Birds of the Miocene period it is sufficient to re- 
mark that though specifically distinct, they belong, so far as 
known, wholly to existing groups, and therefore present no 
points of special palaeontolgical interest. 

The Mammals of the Miocene are very numerous, and only 
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Fi^, 242. — Front fwrtion of tlie skeleton of Andrias Schetichzeri, a Giant Salamander 
from the iliocene Tertiarj’ of Qtningen, in Switzerland. Reduced in size. 
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tile more important forms can be here alluded to. Amongst 
the Marsupials^ the Old World still continued to possess 
species of Opossum {Didepkys), allied to the existing American 
forms. The Edentates (Sloths, Armadillos, and Ant-eaters), at 
the present day mainly South Amaican, are represented ’by 
two large European forms. One of these is the large Macro- 
theriimi giganteum of the Upper Miocene of Gers in Southern 
France, which appears to have been in many respects allied to 
the existing Scaly Ant-eaters or Pangolins, at the same time 
that the disproportionately long fore-limbs would indicate that 
It possessed the climbing habits of the Sloths. The other is 
the still more gxgdsMic Aricyimherium Pentelici of the Upper 
Miocene of Pihermd, which seems to have been as large as, or 
larger than, the Rhinoceros, and which must have been terres- 
trial in its habits. This conclusion is further borne out by the 
comparative equality of length which subsists between the fore 
and hind limbs, and is not aflected by the curvature and 
crookedness ^of the claws, this latter feature being well marked 
in such existing terrestrial Edentates as the Great Ant-eater. 

The aquatic Sirenians and Cetaceans are represented in 
Miocene times by various forms of no special importance. 
Amongst the former, the .previously existing genus Halitherium 
continued to survive, and amongst the latter we meet with 
remains of Dolphins and of Whales of the “Zeuglodont” 
family. We may also note here the first appearance of true 
‘‘Whalebone Whale.s,” two species of which, resembling the 
living “Right Whale” of Arctic seas, and belonging to the 
same genus {Balania), have been detected in the Miocene 
beds of North America. 

The great order- of the Ungidates or Ploofed Quadrupeds is 
very largely developed in strata of Miocene age, various new 
types of this group making their appearance here for the first 
time, whilst some of the characteristic genera of the preceding 
period are still represented under new shapes. Amongst the 
Odd-toed or “ Perissodactyle ” Ungulates, we meet for the first 
time with representatives of the family RJiinocei'idce compris- 
ing only the existing Rhinoceroses. In India in the Upper 
Miocene beds of the Siwalik Plilhs, and in North America, 
several species of Rhinoceros have been detected, agreeing with 
the existing forms in possessing three toes to each foot, and in 
having one or two solid fibrous “ horns ” carried upon the front 
of the head. On the other hand, the forms of this group which 
distinguish the Miocene deposits of Europe appear to have 
been for the most part hornless, and to have resembled the 
Tapirs in having three-tbed hind-feet, but four-toed fore-feet. 


HISTORICAL PALA£ONTOLOGY. 


316 

The family of the Tapirs is represented, both in the Old 
and New Worlds, by species of the genus Lophiodon, some of 
which were quite diminutive in point of size, whilst others 
attained the dimensions of a horse. Nearly allied to this 
family, also, is the singular group of quadrupeds which Marsh 
has described from the Miocene strata of the United States 
under the name of Brontoiheridce. These extraordinary ani- 
mals, typified by Brontotheriuni (fig. 243) itself, agree with the 



Fig. 243. — Skull of BroiUoiherinm ingens. Miocene Tertiary, United States. 
(After Marsh.) 


existing Tapirs of South America and the Indian Archipelago 
in having the fore-feet four-toed, whilst the hind-feet are three- 
toed ) and a further point of resemblance is found in the fact 
(as shown by the form of the nasal bones) that the nose was 
long and flexible, forming a short movable proboscis or trunk, 
by means of which the animal was enabled to browse on 
shrubs or trees. They differ, however, from the Tapirs, not 
only in the apparent presence of a long tail, but also in the 
possession of a pair of very large “horn-cores,” carried upon 
the nasal bones, indicating that the animal possessed horns of 
a similar structure to those of the “Hollow-horned” Rumin- 
ants {e.g., Sheep and Oxen). Brontotheriiim gigas is said to be 
nearly as large as an Elephant, whilst B. ingens appears to 
have attained dimensions still more gigantic. The well-known 
genus Titanotherium of the American Miocene would also 
appear to belong to this group. 

The family of the Horses [Eqitidce) appears under various 
forms in the Miocene, but the most important and best known 
of these is Hipparion. In this genus the general confonnation 
of the skeleton is extremely similar to that of the existing 
Horses, and the external appearance of the animal must have 
been very much the same. The foot of Hipparion, however, 
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as has been previously mentioned, differed from that of the 
Hoise in the fact that whilst both possess the middle toe greatly 
developed and enclosed in a broad hoof, the former, in addition, 
possessed two lateral toes, which were sufficiently developed 
to carry hoofs, but were so far rudimentary that they hung idly 
by the side of the central toe without touching the ground 
(see fig. 230). In the Horse, on the other hand, these lateral 
toes, though present, are not only functionally useless, but art- 
concealed beneath the skin. Remains of the IUppciTioti have 
been found in various regions in Europe and in India j and 
from the inimense quantities of their bones found in certain 
localities. It may be safely inferred that these Middle Tertiary 
ancestois of the Horses lived, like their modern representa- 
tives, in great herds, and in open grassy plains or prairies. 

Amongst the Even-toed or Jltiiodctctyle Ungulates, we for 
the first time meet with examples of the 'Hippopotamus, with its 
four-toed feet, its massive body, and huge tusk-like lower 
canine teeth. The Miocene deposits of Europe have not 
hitherto yielded any remains of Hippopotamus ; but several 
species have been detected in the Upper Miocene of theSiwfilik 
Hills by Di Falconer and Sir Proby Cautley. These ancient 
Indian forms, however, differ from the existing Hippopotamus 
amphthius of Africa in the fact that they possessed six incisor 
teeth in each jaw (fig. 244), whereas the latter has only four. 

Amongst the other Even-toed Ungulate.s, the family of the 
Pigs {Suida) is represented by true Swine {Sus Erymanthius), 
Peccaries {Hicotyles antiquus), and by forms which, like the 
gieat Elothoi turn of the American IVIiocene, have no represen- 
tative at the present day. The Upper Miocene of India has 
yielded examples of the Camels. Small Musk-deer {Amphi- 
tragidus and Dremotherium) are known to have existed in 
Fiance and Greece ; and the true Deer i^Cevvidcd), with their 
solid bony antlers, appear for the first time here in the person of 
species allied to the living Stags {Cervus), accompanied by the 
extinct genus Dorcatherium. The Giraffes {Cameiopardaiidce), 
now confined to Africa, are known to have lived in India and 
Greece; and the allied Helladotherium, in some repects inter- 
mediate between the Giraffes and the Antelopes, ranged over 
South ein Europe from Attica to France. The great group of 
the Hollow-horned ” _ Ruminants {Cavicomia), lastly, came 
into existence in the Miocene period ; and though the typical 
families of the Sheep and Oxen are apparently wanting, there 
are true Antelopes, together with forms which, if systemati- • 
cally referable to the Antilopida, nevertheless are more or less 
clearly transitional between this and the family of the Sheep 
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and Goats. Thus the Palaoreas of the Upper Miocene of 
Greece may be regarded as a genuine Antelope ; but the 



Pig- 2.H- — Skull of Hippopotamus Sivalensis, viewed from below, one-eightb of the 
natural si 2 e b. Molar tooth of the same, showing the surface of the crown, one-half of 
the natural size ; c. Front of the lower jaw of the same, showing the six incisors and the 
tusk-like canines, one-eighth of the natural size. Upper Miocene, Siwaiik Hills. (After 
Falconer and Cautley.) 


Tragocemt of the same deposit is intermediate in its characters 
between the typical Antelopes and the Goats. Perhaps the 
most remarkable, however, of these Miocene Ruminants is the 
Sivatherium gigatiteum (fig. 245) of the Siwalik Hills, in India. 
In this extraordinary animal there were two pairs of horns, 
supported by bony “ hom-cores,” so that there can be no 
hesitation in referring Sivatherium to the Cavicorn Rumin- 
anrs. If all these horns had been simple, there would have 
been no difficulty in considering Sivatherium as simply a 
gigantic four-horned Antelope, essentially similar to the living 
Antilope {Tetraceros) quadricornis of India. The hinder pair 
of horns, however, is not only much larger than the front pair, 
but each possesses two branches or snags — a peculiarity not to 
be paralleled amongst any existing Antelope, save the abnormal 
Prongbuck {Antilocapra) of North America. Dr Murie, how- 
ever, in an admirable memoir on the structure and relationships 


THE MIOCENE PERIOD. 319 

of Sivatherium, has drawn attention to the fact that the Prong- 
buck sheds the sheath of its horns annually, and has suggested 


Fig. 245.— Skull 


oi Sivathermm gimntmm, reduced in size. 
(After Murie.) 


Miocene, India. 


that this may also have been the case with the extinct form. 
This conjecture is rendered probable, amongst other reasons,' 
by the fact that no traces of a horny sheath surrounding the 
liorii-coies of the Indian fossil have been as yet detected. 
Upon the whole, therefore, we may regard the elephantine 
Sivatherium as being most nearly allied to the Ihongbuck of 
Western America, and thus as belonging to the family of the 
Antelopes. 

It is to the Miocene period, again, to which we must refer 
the first appearance of the important order of the Plephants 
and their allies {Proboscideans), all of which are characterised by 
their elongated trunk-like noses, the possession of five toes to 
the foot, the absence of canine teeth, the development of tv^o 
or more of the incisor teeth into long tusks, and the adaptation 
of the molar_ teeth to a vegetable diet. Only three generic 
groups of this order are known — namely, the extinct Deino- 
therimn, the equally extinct Mastodons, and the Elephants; and 
all these three types are known to have been in existence as 
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early as the Miocene period, the first of them being exclusively 
confined to deposits of this age. Of the three, the genus 
Demothernim is much the most abnormal in its characters • 
so so, that good authorities regard it as really being one 
of the Sea-cows {Sirema ) — though this view has been rendered 
untenable by the discovery of limb-bones which can hardly 
belong to any other animal, and which are distinctly Probosci- 
dean in type. The most celebrated skull of the Deinothere 
(fig. 246) is one which was exhumed from the Upper Miocene 

deposits of Epplesheiin, in Hesse- 
Darmstadt, in the year 1836. 
This skull was four and a half 
feet in length, and indicated an 
animal larger than any existing 
species of Elephant. The upper 
jaw is destitute of incisor or 
canine teeth, but is furnished on 
each side with five molars, which 
are opposed to a corresponding 
series of grinding teeth in the 
lower jaw. No canines are pre- 
sent in the lower jaw ; but the 
front portion of the jaw is ab- 
ruptly bent downwards, and car- 
ries two huge tusk-like incisor 
.:i 1 1 j , teeth, which are curved down- 

wards and backwards, and the use of which is rather proble- 
matical. Not only does the Deinothere occur in Europe, but 

SMiHmsTMk 

{-EleJ>has) do not appear to have ex- 
sted during the Miocene period in Europe, but several species 

SMik deposils o'! .hi 

Srpp ^ sub-generically, distinct, 

JthX conformation 

tition Tn in fh principal characters of their den- 

tition. In all the canine teeth are wanting in both iaws • and 

there are no mcisor teeth in the lower jfw, Xm Se are 
two incisors in the front of the upper jaXXch are de 
veloped into two hua-e “f-nql-c” mk ^ cire ae 

on each nf 3 ^ceth 

one ° f ^ jaw, but only 

a actual use at any given 

and renWerf worn away, it is pushed forward 

and replaced by its successor behind it. The molars are of 



Fig*. 246. — Skull of DsinoiheTiiwt 
gtganUwn, greatly reduced. From 
the Upper Miocene of Germany. 
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very larp size, and are each composed of a number of trans- 
verse plates of enamel united together by ivory ; and by the 



A 



B 'p”‘8r' fir 

Mtol'gfonS.”' (ift“’5S‘rO ‘“-f™ Uw«' 


piocess of mastication, the teeth become worn down to a flat 
^irface, crossed liy the enamel-ridges in varying patterns. 
These patterns are different in the different species of Ele- 
phants, though constant for each; and they constitute one of 
the most readily available means of separating the fossil 
forms from one another. Of the seven Miocene Elephants 
of India, a.s judged by the characters of the molar teeth 
two are allied to the existing Indian Elephant, one is related 
to the living African Elephant, and the remaining four are in 
some respects intermediate between the true Elephants and 
the Mastodons. 

The Mastodons^ lastly, though quite elephantine in their 
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general characters, possess molar teeth which have their crowns 
furnished with conical eminences or tubercles placed in pairs 
(fig. 247, B), instead of having the approximately flat surface 
characteristic of the grinders of the Elephants. As in the 
latter, there are two upper incisor teeth, which grow perma- 
nently during the life of the animal, and which constitute great 
tusks ; but the Mastodons, in addition, often possess two lower 
incisors, which in some cases likewise grow into small tusks. 
Three species of Mastodon are known to occur in the Upper 
Miocene of the SiwMik Hills of India ; and the Miocene de- 
posits of the European area have yielded the remains of four 
species, of which the best known are the M. longirostris and the 
M. angustidens. 

Whilst heibivoious Quadrupeds, as we have seen, were 
extremely abundant during Miocene times, and often attained 
gigantic dimensions. Beasts of Prey (^CaTtiwoTci) were by no 
means wanting, most of the principal existing families of the 
order being represented in deposits of this age. Thus, we find 
aquatic Carnivores belonging to both the living groups of the 
Seals and Walruses ; true Bears are wanting, but their place 
is filled by the closely-allied genus Ajjiphicyon^ of which various 
species are known; Weasels and Otters were not unknown, 
and the Hymnictis and Ictitherium of the Upper Miocene of 
Greece are apparently intermediate between the Civet-cats and 
the Hyenas ; whilst the great Cats of subsequent periods are 
more than adequately represented by the huge “ Sabre-toothed 
Tiger {Machairodus), with its immense trenchant and sen’ated 
canine teeth. 

^ Amongst the Rodent Mammals, the Miocene rocks have 
yielded remains of Rabbits, Porcupines (sucli as the Hystrix 
primigemus oi Greece), Beavers, _ Mice, Jerboas, Squirrels, and 
Marmots. ^ All the principal living groups of this order were 
therefore differentiated in Middle Tertiary times. 

The Cheiroptera are represented by small insect-eating Bats; 
and the order of the Insectivorous Mammals is represented by 
Moles, Shrew-mice, and Hedgehogs. 

Lastly, the Monkeys {Quadrumana) appear to have existed 
during the Miocene period under a variety of forms, remains 
0 Q6se animals having been found both in Europe and in 
India ; but no member of this order has as yet been detected 
m the Miocene Tertiary of the North American continent. 
Amongst the Old World Monkeys of the Miocene, the two 
most interesting are the Pliopitheais and Dryopithecus of France. 

e ormer of these (fig. 248) is supposed to have been most 
nearly related to the living Semnopitheci of Southern Asia, in 
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which case it must have possessed a long tail. The Mesop- 
iheais of the UpjDer Miocene of Greece is also one of the lower 



Monkeys, as it is most closely allied to the existing Macaques. 
On the other hand, the Dryopithecus of the French Upper 
Miocene is referable to the group of the “Anthropoid Apes," 
pid is most nearly related to the Gibbons of the present day, 
in which the tail is rudimentary and there are no cheeks 
pouches. JDryopithecus was, also, of large size, equalling Man 
in stature, and apparently living amongst the trees and feed- 
ing upon fruits. 


CHAPTER XX. 

THE PLIOCENE PERIOD. 

The highest division of the Tertiary deposits is termed the 
JPliocene formation, in accordance with the classification pro- 
posed by Sir Charles Lyell. The Pliocene formations contain 
from 40 to 95 per cent of existing species of MoUusca, the re- 
maindes belonging to extinct species. They are divided by Sir 
Charles Lyell into two divisions, the Older Pliocene and Newer 
Pliocene. 

The Pliocene deposits of Britain occur in Suffolk, and are 
known by the name of Crags,” this being a local term used 
for certain shelly sands, which are employed in agriculture. 
Two of these Crags are referable to the Older Pliocene, viz., 
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the White and Red Crags, — and one belongs to the Newer 
Pliocene, viz., the Norwich Crag. 

The White or Coralline Crag of Suffolk is the oldest of the 
Pliocene deposits of Britain, and is an exceedingly local for- 
mation, occurring in but a single small area, and having a 
maximum thickness of not more tlian 50 feet. It consists of 
soft sands, with occasional intercalations of flaggy limestone. 
_1 hough of small extent and thickness, the Coralline Crag is of 
importance from the number of fossils which it contains. The 
name Coralline ” is a misnomer ; since there are few true 
Corals, and the so-called “Corals” of the formation are really 
Polyzoa, often of very singular forms. The shells of the Coral- 
line Crag are mostly such as inhabit the seas of temperate 
legions ; but there occur some forms usually looked upon as 
indicating a warm climate. 

The tipper ^ or Red Crag of Suffolk — like the Coralline Crag 

has a limited geographical extent and a small thickness, 
rarely exceeding 40 feet. It consists of quartzose sands, usu- 
ally deep red or brown in colour, and charged with numerous 
fossils. 

Altogether more than 200 species of shells are known from 
the Red Crag, of which 60 per cent are referable to existing 
species. The shells indicate, upon tlie whole, a temperate or 
even cold climate, decidedly less warm than that indicated by 
the organic remains of the Coralline Crag. It appears, there- 
fore, that a gradual refrigeration was going on during the 
Pliocene period, commencing in the Coralline Crag, becoming 
intensified in the Red Crag, being still more severe in the 
Noriyich Crag, and finally culminating in the Arctic cold of the 
Glacial period. 

Besides the Mollusca, the Red Crag contains the ear-bones 
of Whales, the teeth of Sharks and Rays, and remains of the 
Mastodon, Rhinoceros, and Tapir. 

The Newer Pliocene deposits are represented in Britain by 
the Norwich Crag, a local formation occurring near Norwich. 
It consists of incoherent sands, loams, and gravels, resting in 
detached patches, from 2 to 20 feet in thickness, upon an 
eroded suiface of Chalk. The Norwich Crag contains a mix- 
ture of maiine, land, and fresh-water shells, with remains of 
fishes and bones of mammals ; so that it must have been de- 
posited as a local sea-deposit near the mouth of an ancient 
contains altogether more than 100 marine shells, 
of which 89 per cent belong to existing species. Of the 
Manimals, the two most important are an Elephant {Ehphas 
meridionahs), and the characteristic Pliocene Mastodon {M. 
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is hitherto the only Mastodon found in 

According _ to the most recent views of high authorities 
certain deposits-such as the so-called Bridliifc^ton Sa?’ of 
Yorkshire, and the “ Chillesford beds ” of Suifolk— are to he 
a so mduded in the Ne>,e.- Pliocene, ^^'on ft g^md tto 
hey contain a small proportion of extinct shells. Our know- 
ledge, however, ol the existing Molluscan fauna, is still so far 
incomplete,.that it may reasonably be doubted if these sup- 
posed extinct forms have actually made tlieir final disappear- 
ance, whilst the strata in question have a strong naS cS- 

of Arctic'Molf hy the number 
01 Arctic Mollusca which they contain. Here, therefore these 

ftefad IP eerii: 

“ft:‘prSr,tiy“ 

X, 1 important Pliocene deposits 
which have been hitherto recognised out of Britain : ^ 

r. In the neighbourhood of Antwerp occur certain “crags ” 
winch are the equivalent of the White and Red Crag in pSt 
The lowest of these contains less than 50 per cent,^ and the 

bdjgixftmr ‘-“"ainder 

_ 2. Bordering the chain of the Apennines, in Italy on both 

aie known as the Suh-Apeimine beds. Part of these is of 

Pliocene ‘‘®The‘'ni T Portio" is'Newer 

CO isisrl of 1 ° P^'bon of ‘be Siib-Apennines 

thickMss of a/o” feer'"' ” ’ “ 

Older/r,d*Mo™'''pr°*^ Florence, are both 

Older and Newer Pliocene strata. The former consist of Hue 

Clays and lignites, with an abundance of plants. The latter 

conglomerates, with remains of large Car- 

poZms, fee"!'''''' ’ Elephant, Rhinoceros, Hippo- 

4- In Sicily, N ewer Pliocene strata are probably more largely 
eveloped than anywhere else in the world, rising sometimes 
to a height of 3000 feet above the sea. The series consists 
ot ciays, mails, sands, and_ conglomerates, capped by a com- 

a thickness of from 700 to 800 
teet._ The fossils of these beds belong almost entirely to living 
species, one of the commonest being the Great Scallop of the 
Mediterranean {Fecfm Jacobcem). ^ 

5. Occupying an extensive area round the Caspian, Aral, 
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and Azof Seas, are Pliocene deposits known as the “Aralo- 
Caspian” beds. The fossils in these beds are partly fresh- 
water, partly marine, and partly intermediate in character, and 
they are in great part identical with species now inhabiting 
the Caspian. The entire formation appears to indicate the 
former existence of a great sheet of brackish water, forming an 
inland sea, like the Caspian, but as large as, or larger than, the 
Mediterranean. 

6. In the United States, strata of Pliocene age are found in 
North and South Carolina. They consist of sands and clays, 
with numerous fossils, chiefly Molluscs and Echinoderms. 
From 40 to 60 per cent of the fossils belong to existing 
species. On the Loup Fork of the river Platte, in the Upper 
Missouri region, are strata which are also believed to be refer- 
able to the Pliocene period, and probably to its upper division. 
They are from 300 to 400 feet thick, and contain land-shells, 
with the bones of numerous Mammals, such as Camels, Rhino- 
ceroses, Mastodons, Elephants, the Horse, Stag, &c. 

As regards the life of the Pliocene period, there are only 
two classes of organisms to which our attention need be 
directed — namely, the Shell-fish and the Mammals. So far as 
the former are concerned, we have to note in the first place 
that the introduction of new species of animals upon the globe 
went on rapidly during this period. In the Older Pliocene 
deposits, the number of shells of existing species is only from 
40 to 60 per cent; but in the Newer Pliocene the pro- 
portion of living forms rises to as much as from 80 to 
95 psr cent. Whilst the Molluscs thus become rapidly mo- 
dernised, the Mammals still all belong to extinct species, 
though modern generic types gradually supersede the more 
antiquated forms of the Miocene. In the second place, there 
is good evidence to show that the Pliocene period was one in 
which the climate of the northern hemisphere underwent a 
gradual refrigeration. In the Miocene period, there is evi- 
dence to show that Europe possessed a climate very similar 
to that now enjoyed by the Southern United States, and cer- 
tainly very much warmer than it is at present. The presence 
of Palm-trees upon the land, and of numerous large Cowries, 
Cones, and other shells of warm regions in the sea, sufifciently 
proves this. In the Older Pliocene deposits, on the other 
hand, northern forms predominate amongst the Shells, though 
some of the types of hotter regions still survive. In the Newer 
Pliocene, again, the Molluscs are such as almost exclusively 
inhabit the seas of temperate or even cold regions ; whilst if 
we regard deposits like the “ Bridlington Crag” and “ Chill es^ 
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ford beds ” as truly referable to this period, we meet at the 
close of this period with shells such as nowadays are distinct- 
ively characteristic of high latitudes. It might be thought 
that the occurrence of Quadrupeds such as the Elephant 
Jvhmoceros, and Hippopotamus, would militate against this 
generalisation, and would rather support the view that the 
climate of Europe and the United States must have been a 
hot one during the later portion of the Pliocene period \¥e 
have, however, reason to believe that many of these extinct 
Mammals were more abundantly furnished with hair, and more 
adapted to withstand a cool temperature, than any of their 
hvmg congeners. We have also to recollect that many of 
tliese large herbivorous quadrupeds may have been, and 
indeed probably were, more or less migratory in their habits • 
and that whilst the winters of the later portion of the Pliocene 
period wmre cold, the summers might have been very hot 
Ihis would allow of a northward migration of such terrestrial 
animals during the summer-time, when there would be an 
ample supply of food and a suitably high temperature, and a 
southward recession towards the approach of winter. 

The chief palieontological interests of the Pliocene deposits 
as of the succeeding Post-Pliocene, centre round the Mammals 
ot the period j and among.st the many forms of these we may 
restrict our attention to the orders of the Hoofed Quadrupeds 
( Ungulates), the Prohosadeans, the Carnwora, and the Quad- 
rimana. Almost all the other Mammalian orders are more 
or less fully represented in Pliocene times, but none of them 
attmns any special interest till we enter upon the Post-Pliocene. 

the Odd-toed Ungulates, in addition to the remains 
ot true lapirs {Tapirus Amcrncnsis), we meet with the bones 
ot several species of Rhinoceros, Rhinoceros Etms- 

cus and K. mcgarhinus (fig. 249) are the most important. The 
tormer of these (fig. 249, A) derives its specific name from its 
abundance in the Pliocene deposits of the Val d’Arno, near 
Lloience, and though principally Pliocene in its distribution, 
earlier portion of the Post-Pliocene period 
A/imoccros Etriiscus agreed with the existing African forms iii 
haying two horns placed one behind the other, the front one 
being the longest; but it was comparatively slight and slender 
in its build, whilst the nostrils were separated by an incom- 
plete bony partition. In the Rhinoceros megarhinus (fig. 249 
Pj, the other hand, no such partition exists between the 
nostrils, and the nasal bones are greatly developed in size. It 
was a two-horned form, and is found associated with Bkphas 
tneridumalis and E, antiquus in the Pliocene deposits of the 
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Val d’Arno, near Florence. Like the preceding, it survived, 
in _ diminished numbers, into the earlier portion of the Post- 
Pliocene period. 

The Horses {Equidd) are represented, both in Europe and 



Fig. 249. A, Under surface of the skull of Rhinoceros Ktr7isc7is, one-.seventh of the 
natural size— Pliocene, Italy ; B, Crown.s of the three true molars of the upper jaw, left 
side ot Afutwceros mezarhi>ms{R. leptorhinus. Falconer), one-half of the natural size 
—Pliocene, France. (After Falconer.) 


Arnerica, by the three-toed Hipparions, which survive from the 
Miocene, but are now verging upon extinction. For the first 
time, also, we naeet with genuine Horses {Equiis\ in which 
each foot is provided with a single complete toe only, encased 
in a single broad hoof. One of the American species of this 
period (the Equus excelsiis) quite equalled the modern Horse 
in stature ; and it is interesting to note the occurrence of indi- 
genous horses in America at such a comparatively late geo- 
logical epoch, seeing that this continent certainly possessed 
none of these animals when first discovered by the Spaniards. 

Amongst the Even-toed Ungulates, we may note the occur- 
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rence of Swine (Smda), of forms allied to the Camels (Camel- 
tdcB), and of various kinds of Deer (Cervidce) ; but the most 
interesbng Pliocene Mammal belonging to this section is the 
p-eat Hippopotamus major of Britain and Europe. This well- 
known species is very closely allied to the XWmg Hippopotamus 
amphtbms ol Africa, from which it is separated only by its 
laiger dimensions, and by certain points connected with the 
conformation of the skeleton. It is found very abundantly in 
the Pliocene deposits of Italy and France, associated with the 
remains of the Elephant, Mastodon, and Rhinoceros, and it 
^ryived into the earlier portion of the Post-Pliocene period 
During this last-mentioned period, it extended its range north- 
wards, and is found associated with the Reindeer, the Bison 
and other northern animals. From this fact it has been infer- 
red, witlr gieat lu’obability, that the Hippopotamus major 
furnished with a long coat of hair and fur, thus differing from 
Its nearly hairless modern representative, and resembling its 
associates, the Mammoth and the Woolly Rhinoceros. 

Pasring on to the Pliocene Proboscideans, we find that the 
Hemotherta of the Miocene have now wholly disappeared 
and the sole representatives of the order are Mastodons and 
Elepiants. Ihe most imporiant member of the former group 
is the Mastodon Arvernensis (fig. 250), which ranged widely 



Fig. 250. lliircl milk-mular ol the left side of the upper jaw of Mastodon 
.showing the grinding surface, Pliocene. 


oyer Southern Europe and England, being generally associated 
with remains of the Elephas meridionalts, M. antiquus, Rhino- 
ceros megarhinus, and Hippopotamus major. The lower jaw 
seems to have been destitute of incisor teeth ; but the upper 
incisors are developed into great tusks, which sometimes reach 
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a length of nine feet, and which have the simple curvature of 
me tusks of the existing Elephants. Amongst the Pliocene 
Elephants the two most important are the Elcphas ineridionalis 
and the Elephas antiquus. Of these, the Elephas nieridionalis 
(ng. 251) is found abundantly in the Pliocene deposits of 



Fig. 251. Molar tooth Elephas meridtonalis, one-third of tlie natural size. 
Pliocene and Post-Pliocene. 


Southern Europe and England, and also survived into the 
earlier portion of tlie Post-Pliocene period. Its molar teeth 
are of the type of those of the existing African Elephant, the 
spaces enclosed by the transverse enamel-plates being more 
or less lozenge-shaped, whilst the curvature of the tusks is 
simple. The Elephas aniiqims (fig. 252) is very generally 



Fig. 252. Molar tooth of Elephas antiqmis, one-third 
Pliocene and Post-Pliocene. 


of the natural size. 


associated with the preceding, and it survived to an even 
later stage of the Post-Pliocene period. The molar teeth are 
2 ii the existing Indian Elephant, with compara- 

tively thin enamel-ridges, placed closer together than in the 
African type ; whilst the tusks ’were nearly straight. 

Pliocene Carnivores, we meet with true Bears 
( ryernensis\ Hymnas (such as Hycena Hippariommi), 

the Eelis angustus of North 
America) ; but the most remarkable of the beasts of prey of 


the pliocene period. 
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fnerlT'o? “Sabre-toothed Tiger” {Mcichairodns), 

S ! 1 f b"" '. Miocene, and survived 

to the later_ Post-1 lioceue. In this remarkable form we are 
presented with perhaps the most highly carnivorous type of 
all known beasts of prey. Not only are the jaws shorter in 
proportion even than those of the great Cats of the present 
day, but the can.ue teeth (fig. ejj) are of enormous sS) 



Fig, 2S3'“A, Skull 
Size ; B, Canine 


of Mncjiatrodus cnHriilens, withou 
tooth of the same, oiie-lialf the natiir 


the lower jaw, reduced in 
size. Pliocene, France. 


peatly flattened so as to assume the form of a poignard and 

to of th?ikidf^W‘"^ finely serrated. Apart from the charac- 
teis of the skull, the remainder of the skeleton, so far as known 
exhibits proofs tlnat the Sabre-toothed Tig^- was extmS 

STforTlffP powerful, and in the highest degree adapt- 
ed foi a life of rapine. Species of Machairothis must have 
been as large as the existing Lion j and the genus is not only 

South^America anH 

Lastly we may note that the Pliocene deposits of Europe 
have yielded the remains of Monkeys {QuadrumanaX allied to 
the existing SmnoJ>it/ieci and Macaques. ’ 
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CHAPTER XXL 
THE QUATERNARY PERIOD. 

The Post-Pliocene Period. 

Latet than any of the Tertiary formations are various de- 
tached and more or less superficial accumulations, which are 
generally spoken of as the Post-Tertiary forinations, in accord- 
ance with the nomenclature of Sir Charles Lyell— or as the 
Quaternary formations^ in accordance with the general usage 
of Continental geologists. In all these formations we meet 
with no Afoiltisca except such as are now alive — with the 
partial and very limited exception of some of the oldest de- 
posits of this period, in which a few of the shells occasionally 
belong to species not known to be in existence at the pre- 
sent day. Whilst the Shell-fish of the Quaternary deposits are, 
generally speaking, identical with existing forms, the Mammals 
are sometimes referable to living, sometimes to extinct species. 
In accordance with this, the Quaternary formations are divided 
into two groups : (i) The Post-Pliocene, in which the shells are 
almost invariably referable to existing species, but some of the 
Mammals are extinct ; and (2) the Recent, in which the shells 
and the Mammals alike belmng to existing sfccies. The Post- 
Pliocene deposits are often spoken of as the Pleistocene forma- 
tions (Gr. pleistos, most; kainos, new or recent), in allusion to 
tie fact that the great majority of the living beings -of this 
period belong to the species characteristic of the “new” or 
Recent period. 

The Recent deposits, though of the highest possible interest, 
do not properly concern the palaeontologist strictly so-called, 
but the zoologist, since they contain the remains of none but 
existing animals. They are “ Pre-historic,” but they belong 
entirely to the existing terrestrial order. The Post - Pliocene 
eposits, on the other hand, contain the remains of various 
extinct Mammals ; and though Man undoubtedly existed in, 
at any rate, the later portion of this period, if not through- 
out the whole of it, they properly form part of the domain of 
the palaeontologist 

' Post-Pliocene deposits are extremely varied, and very 
wi e y distributed ; and owing to the mode of their occurrence, 
tire ordinary geological tests of age are in their case but very 
partially available. The subject of the classification of these 
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deposits is therefore an extremely complicated one ; and as 
regards the age of even some of the most important of them 
there still exists considerable difference of opinion. For our 
present purpose, d wdl be convenient to adopt a classifica- 
• Post-l hocene deposits founded on the relations 

which they bear in dme to the great “ Ice-age or “ Glacial 
period ; though it is not pretended that our present know- 
ledge IS sufficient to render such a classification more than a 
provisional one. 

In the early 1 ertiary period, as we have seen, the climate of 
the northern hemisphere, as shown by the Eocene animals and 
plants, was veiy much hotter than it is at present — partaking, 
indeed, of a sub-tropical character. In the Middle Tertiary or 
Miocene period, the temperature, though not so high, was still 
much warmer than that now enjoyed by the northern hemi- 
spheie; and we know that the plants of temjDerate regions at 
this bme flourished within the Arctic circle. In the later 
Tertiary or Pliocene period, again, there is evidence that the 
noithein hemisphere underwent a further progressive diminu- 
tion of temperature ; though the climate of Europe generally 
seems at the close of the tertiary period to have been if any- 
thing wanner, or at any rate not colder, than it is at the present 
day. With the commencement of the Quaternary period, 
howevei, this diminution of temperature became more de- 
cided; and beginning with a temperate climate, we find the 
gieater portion of the northern hemisphere to become gradu- 
ally subjected to all the rigours of intense Arctic cold All 
die mountainous regions of Northern and Central Europe of 
Biitain, and of North America, became the nurseries of huge 
ice-sti earns, and large areas of the land appear to have been 
covered with a continuous jee-sheet. The Arctic conditions of 
this, the well-known “ Glacial period,” relaxed more than once 
and were more than once re-established with lesser intensity. 
Pinally, a gradual but steadily progressive amelioration of tem- 
perature took place ; the ice slowly gave way, and ultimately 
disappeared altogether; and the climate once more became 
temperate, except in high northern latitudes. 

The changes of temperature sketched out above took place 
slowly and gradually, and occupied the whole of the Post- 
Pliocene period. In each of the three periods marked out by ■ 
these change.s— in the early temperate, the central cold, and 
the later temperate period^ certain deposits were laid down 
over the surface of the northern hemisphere; and these de- 
^sits collectively constitute the Post- Pliocene formations. 
Pience we may conveniently classify all the accumulations of 
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this age under the heads of (i) Pre-Glacial deposits, (2) Glacial 
deposits, and (3) Post-Glacial deposits, according as they were 
formed before, during, or after the “ Glacial period.” It can- 
not by any means be asserted that we can definitely fix the 
precise relations in time of all the Post-Pliocene deposits to the 
Glacial period. On the contrary, there are some which hold a 
very disputed position as regards this point ) and there are 
others which do not admit of definite allocation in this manner 
at all, in consequence of their occurrence in regions where no 
“Glacial Period” is known to have been established. For 
our present purpose, however, dealing as we shall have to do 
principally with the northern hemisphere, the above classifi- 
cation, with all its defects, has greater advantages than any 
other that has been yet proposed. 

I. Pre-Glacial Deposits. — The chief pre-glacial deposit of 
Britain is found on the Norfolk coast, reposing upon the Newer 
Pliocene (Norwich Crag), and consists of an ancient land-sur- 
face which is known as the “Cromer Forest-bed.” 

This consists of an ancient soil, having embedded in it the 
stumps of many trees, still in an erect position, with remains 
of living plants, and the bones of recent and extinct quadru- 
peds. It is overlaid by fresh-water and marine beds, all the 
shells of which belong to existing species, and it is finally sur- 
mounted by true “glacial drift.” While all the shells and 
plants of the Cromer Forest-bed and its associated strata belong 
to existing species, the Mammals are partly living, partly ex- 
tinct. Thus we find the existing Wolf [Canis lupus), Red 
Deer {Cerviis elaphus), Roebuck {Cervus capreohis), Mole 
{Talpa Europcea), and Beaver [Castor fiber), living in western 
England side by side with the Hippopotamus major, Eleplias 
antiquus, Elephas meridionalis, Rhinoceros Etruscus, and R. 
megarhmus of the Pliocene period, Avhich are not only extinct, 
but imply an at any rate moderately warm climate. Besides 
the above, the Forest-bed has yielded the remains of several 
extinct species of Deer, of the great extinct Beaver [Trogon- 
therinm Cuvieri), of the Caledonian Bull or “ Urus ” [Bos 
prinugenius), and of a Horse [Equus fossilis), little if at all 
distinguishable from the existing form. 

The so called “ Bridlington Crag” of Yorkshire, and the 
“ Chillesford Beds” of Sufelk, are probably to be regarded as 
also belonging to this period \ though many of the shells which 
they contain are of an Arctic character, and would indicate 
that they were deposited in the commencement of the Glacial 
period itself. Owing, however, to the fact that a few of the 
shells of these deposits are not known to occur in a living con- 
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dition, these, and some other similar accumulations, are some- 
times considered as referable to the Pliocene period. 

II. Glacial Deposits. — Under this head is included a 
great series of deposits which are widely spread over both 
Europe and America, and which were formed at a time when 
the climate of these countries was very much colder than it is 
at present, and approached more or less closely to what we see 
at the present day in the Arctic regions. These deposits are 
known by the general name of the Glacial deposits^ or by the 
more specialised names of the Drift, the Northern Drift, the 
Boulder- clay, the Till, &c. 

These glacial deposits are found in Britain as far south as 
the Thames, over the whole of Northern Europe, in all the 
more elevated portions of Southern and Central Europe, and 
over the whole of North America, as for south as the 39th 
parallel. They generally occur as sands, clays, and gravels, 
spread in widely-extended .sheets over all the geological forma- 
tions alike, except the most recent, and are commonly spoken 
of under the general term of “ Glacial drift.” 'They vary much 
in their exact nature in different districts, but they universally 
consist of one, or all, of the following members : — 

1. Unstratified clays, or loams, containing numerous angular 
or sub-angular blocks of stone, which have often been trans- 
ported for a greater or less distance from their parent rock, 
and which often exhibit polished, grooved, or striated surfaces. 

These beds are what is called Boulder-clay^ or Till 

2. Sands, gravels, and clays, often more or less regularly 
stratified, but containing erratic blocks, often of large size, and 
with their edges imworn, derived from considerable distances 
from the place where they are now found. In these beds it is 
not at all uncommon to find fossil shells; and these, though of 
existing species, are generally of an Arctic character, compris- 
ing a greater or less number of forms which are now exclusively 
found in the icy waters of the Arctic seas. These beds are 
often spoken of as “ Stratified Drift.” 

3. Stratified sands and gravels, in which the pebbles are 
worn and rounded, and which have been produced by a re- 
arrangement of ordinary glacial beds by the sea. These beds 
are commonly known as “ Drift-gravels,” or “ Regenerated 
Drift.” 

Some of the last-mentioned of these are doubtless post- 
glacial ; but, in the absence of fossils, it is often impossible to 
arrive at a positive opinion as to the precise age of superficial 
accumulations of this nature. It is also the opinion of high 
authorities that a considerable number of the so-called “ cave-^ 
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deposits,” with the bones of extinct Mammals, truly belong to 
the Glacial period, being formed during warm intervals when 
the severity of the Arctic cold had become relaxed. It is 
hirther believed that some, at any rate, of the so-called “high- 
level ^ river-gravels and “brick-earths” have likewise been 
deposited during mild or warm intervals in the great age of 
ice j and in two or three instances this has apparently been 
demonstiated deposits of this nature, with the bones of ex- 
tinct animals and the implements of man, having been shown 
to be overlaid by true Boulder-clay. 

The fossils of the undoubted Glacial deposits are principally 
shells, which are found in great numbers in certain localities, 
sometimes with Forammifera, the bivalved cases of Ostracode 
Crustaceans, &c. ^ Whilst some of the shells of the “Drift” 
are such as now live in the seas of temperate regions, others 
a.s previously remarked, are such as are now only known to 
live in the seas of high latitudes ■ and these therefore afford 
unc[U€Stionable evidence of cold conditions. Amongst these 
Arctic forms of shells which characterise the Glacial beds 
maybe mentioned Pecten Islandicus (fig. 254), Pcctcn Grcen- 



Fig, 254. Left valve of P icten Islandicus. Glacial and Recent. 


Scalaria Grxnlandica, Leda truncata, Astarte borealis, 
lelhna proxima, Natica clausa, &c. 

I’ost-Glacial Deposits. — As the intense cold of the 
Wactal period became gradually mitigated, and temperate 


THE QUATERNARY PERIOD. 


339 


conditions of climate were once more re-established, various 
deposits were formed in the northern hemisphere, which are 
found to contain the remains of extinct Mammals, and which, 
therefore, are clearly of Post-Pliocene age. To these deposits 
the general name of Post-Glacial formations is given \ but it is 
obvious that, from the nature of the case, and with our present 
limited knowledge, we cannot draw a rigid line of demarcation 
between the deposits formed towards the close of the Glacial 
period, or during warm “interglacial” periods, and those laid 
down after the ice had fairly disappeared. Indeed it is ex- 
tremely improbable that any such rigid line of demarcation 
should ever have existed ; and it is far more likely that the 
Glacial and Post-Glacial periods, and their corresponding de- 
posits, shade into one another by an imperceptible gradation. 
Accepting this reservation, we may group together, under the 
general head of “ Post-Glacial Deposits,” most of the so-called 
“ Valley - gravels,” “ Brick - eartlns,” and “ Cave - deposits,” to- 
gether with some “rai:ed beaches” and various deposits of 
peat. Though not strictly within the compass of this work, 
a few words may be said here as to the origin and mode 
of formation of the Brick-earths, Valley-gravels, and Cave- 
deposits, as the subject will thus be rendered more clearly 
intelligible. 

Every river produces at the present day beds of fine mud 
and loam, and accumulations of gravel, which it deposits at 
various parts of its course — the gravel generally occupying thq 
lowest position, and the finer sands and mud coming above, 
Numerous deposits of a similar nature are found in most 
countries in various localities, and at various heights above 
the present channels of our rivers, Many of these fluviatile 
fluvius, a river) deposits consist of fine loam, worked for 
brick-making, and known as Brickrearths and they have 
yielded the remains of numerous extinct Mammals, of which 
the Mammoth [Elcplias frti/tigcnius) is the most abundant. 
In the valley of the Rhine these fluviatile loams (known as 
“ Loess”) attain a thickness of several hundred feet, and con- 
tain land and fresh-water shells of existing species. With 
these occur the remains of Mammals, such as the Mammoth 
and Woolly Rhinoceros. Many of these Brick -earths are 
undoubtedly Post-Glacial, but others seem to be clearly “inter- 
glacial ; ” and instances have recently been brought forward in 
which deposits of Brick-earth containing bones and shells of 
fresh-water Molluscs have been found to be overlaid by regu- 
lar unstratified boulder- clay, 

Th? so-called “ Yalley-gravels,” like the Brick-earths,^ are 
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fluviatile deposits, but are of a coarser nature, consisting of 
sands and gravels. Every river gives origin to deposits of 
tins kind at different points along the course of its valley : 
and it IS not uncommon to find that there exist in the valley 
of a single river tvvo or more sets of these gravel-beds, formed 
itself, but formed at times when the river ran 
mi levels, and therefore formed at different periods, 

ihese different accumulations are known as the “high-level” 
and low-level gravels j and a reference to the accompany- 
ing diagram will ■ explain the origin and nature of these de- 
posits (fig. 255). When a river begins to occupy a particular 



2 ^favel^of Post- Pliocene Alluvial Deposit.s. i, Peat of the recent period ; 

f -.i? 1 modern nver ; 2', Loam of the modern river ; 2 Lower-level vallevl 
pvel with bones of extinct Mammals (Post-Pliocene) ; 3^ Loam of nmlame a J as T 
4, fl'Sher-Ievel valley-gravel (Post-Pliocene) ; 4' Loam of the same at^e as a • c ^Inlanrf 
gravels of various kinds (often glacial drift) ; 6, Older rocks. (After fir Charlel’ Ly^ell!)^ 


line^ of diainage, and to form its own channel, it will deposit 
fiuviatile sands and gravels along its sides. As it goes on 
deepening the bed or valley through which it flows, it will 
cposit other fluviatile stiata at a lower level beside its new 
bed. In this way have arisen the terms “ high-level ” and 
low-level ’ gravels. We find, for instance, a modern river 
flowing through a valley which it has to a great extent or 
entirely formed itself; by the side of its immediate channel 
gravels, sand, and loam (fig. 255, 2 2') deposited 
by the river flownig m its present bed. These are recent 
uviatile or alluvial deposits. At some distance from the 
present bed of the river, and at a higher level, we may find 

f like the recent ones in charac- 

ter and ongin, but formed at a time when the stream flowed 

had excavated its valley to its 
^ ^55; 3 3') are the so-called “^«/- 

i f ^ still 

ferther removed from the present bed of the river, we may 

find another temace composed of just the same materials as 
the lower one, but formed at a stifl earlier period, when the 
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excavation of the valley had proceeded to a much less extent. 
These (fig. 255, 44') are the so-called '^high-level gravels” 
of a river, and there may be one or more terraces of these. 

The important fact to remember about these fluviatile de- 
posits is this — -that here the ordinary geological rule is reversed. 
The high-level gravels are, of course, the highest, so far as 
their actual elevation above the sea is concerned ■, but geo- 
logically the lowest, since they are obviously much older than 
the low-level gi'avels, as these are than the recent gravels. 
How much older the high-level gravels may be than the low- 
level ones, it is impossible to say. They occur at heights 
varying from 10 to 100 feet above the present river- chan 
nels, and they are therefore older than the recent gravels 
by the time required by the river to dig out its own bed to 
this depth. How long this period may be, our data do not 
enable us to determine accurately ; but if we are to calculate 
from the observed rate of erosion of the actually existing 
rivers, the period between the different valley -gravels must 
be a very long- one. 

The low'est or recent fluviatile deposits which occur beside 
the bed of the present river, are referable to the Recent period, 
as they contain the remains of none but living Mammals. The 
two other sets of gravels are Post-Pliocene, as they contain 
the bones of extinct Mammals, mixed with land and fresh- 
water shells of existing species. Among the more important 
extinct Mammals of the low-level and high-level valley-gravels 
may be mentioned the ElepJias antiqims, the Mammoth LEle- 
phas primigenhis), the Woolly Rhinoceros {R. ticho?-himis), the 
Hippopotamus, the Cave-lion, and the Cave-bear. Along 
with these are found unquestionable traces of the existence 
of Man, in the form of rude flint implements of undoubted 
human workmanship. 

The so-called ‘‘ Cave - deposits,” again, though exhibiting 
peculiarities due to the fact of their occurrence in caverns or 
fissures in the rocks, are in many respects essentially similar 
to the older valley-gravels. Caves, in the great majority of 
instances, occur in limestone. When this is not the case, it 
will generally be found that they occur along lines of sea-coast, 
or along lines which can be shown to have anciently formed 
the coastline. There are many caves, however, in the making 
CH which it can be shown that the sea has had no hand; and 
these are most of the caves of limestone districts. These owe 
their origin to the solvent action upon lime of water holding 
carbonic acid in solution. The rain which falls upon a lime- 
stone district absorbs a certain amount of carbonic acid from 
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the air, or from the soil. It then percolates through the rock, 
generally along the lines of jointing so characteristic of lime- 
stones, and in its progress it dissolves and carries off a certain 
quantity of carbonate of lime. In this way, the natural joints 
and fissiu'es in the rock are widened, as can be seen at the 
present day in any or all limestone districts. By a continu- 
ance of this action for a sufficient length of time, caves may 
ultimately be produced. Nothing, also, is commoner in a 
limestone district than for the natural drainage to take the 
line of some fissure, dissolving the rock in its course. In this 
way we constantly meet in limestone districts with springs 
issuing from the limestone rock — sometimes as large rivers — 
the waters of which are charged with carbonate of lime, ob- 
tained by the solution of the sides of the fissure through which 
the vyaters have flowed. By these and similar actions, every 
district in which limestones are extensively developed will be 
found to exhibit a number of natural caves, rents, or fissures. 
The first element, therefore, in the production of cave-deposits, 
is the existence of a period in which limestone rocks were 
largely dissolved, and caves were formed in consequence of 
the then existing drainage taking the line of some fissure. 

Secondly, there must have been a period in which various 
deposits were accumulated in the caves thus formed. These 
cavern-deposits are of very various nature, consisting of mud, 
loam, gravel, or breccias of different kinds. In all cases, these 
materials have been introduced into the cave at some period 
subsequent to, or contemporaneous with, the formation of the 
cave. Sometimes the cave communicates with the surface by 
a fissure through which sand, gravel, &c., may be washed by 
rains or by floods from some neighbouring river. Sometimes 
the cave has been the bed of an ancient stream, and the de- 
posits have been formed as are fluviatile deposits at the surface. 
Or, again, the river has formerly flowed at a greater elevation 
than it does at present, and the cave has been filled with 
fluviatile deposits by the river at a time prior to the excava- 
tion of its bed to the present depth (fig. 256), In this last 
case, the cave-deposits obviously bear exactly the same rela- 
tion in point of antiquity to recent deposits, as do the low- 
level and high-level valley-gravels to recent river-gravels. In 
any case, it is necessary for the physical geography of the dis- 
trict to change to some extent, in order that the cave-deposits 
should be preserved. If the materials have been introduced 
by a fissure, the cave will probably become ultimately filled 
to the roof, and the aperture of admission thus blocked up. 
Jf a river has flowed through the cave, the surface configura- 
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tion of the district must be altered so far as to divert the river 
into a new channel. And if the cave is placed in the side of 
a iivei-valley, as in fig. 256, the river must have excavated 



its channel to such a depth that it can no longer wash out the 
contents of the cave even in high floods. 

If the cave be entirely filled, the included deposits generally 
get more or less completely cemented together by the percola- 
tion through them of water holding carbonate of lime in solu- 
tion. If the cave is only partially filled, the dropping of water 
from the roof holding lime in solution, and its subsequent 
evaporation, would lead to the formation over the deposits 
belovv of a layer of stalagmite, perhaps several inches, or even 
feet, in thicbiess. In this way cave-deposits, with their con- 
tained rpiains, may be hermetically sealed up and preserved 
without injury for an altogether indefinite period of time. 

In all caves in limestone in which deposits containing bones 
are found, we have then evidence of three principal sets of 
changes, (i.) A period during which the cave was slowly 
hollowed out by the percolation of acidulated water ; (2.) A 
period in which the cave became the channel of an engulfed 
river, or otherwise came to form part of the general drainage- 
system of the district; (3.) A period in which the cave was 
inhabited by various animals. 

As a typical example of a cave with fossiliferous Post- 
Pliocene deposits, we may take Kent’s Cavern, near Torquay, 
in Avhich a systematic and careful examination has revealed the 
following sequence of accumulations in descending order: — 

{a) Large blocks of limestone, which lie on the floor of the 
cave, having fallen from the roof, and which are sometimes 
cemented together by stalagmite. 

(b) A layer of black mould, from three to twelve inches 
thick, with hipnan bones, fragment^ qf pottery, stone ^nd 
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bronze implements, and the bones of animals now living in 
Britain. This, therefore, is a recent deposit. 

[c) A layer of stalagmite, from sixteen to twenty inches 
thick, but sometimes as much as five feet, containing the bones 
of Man, together with those of extinct Post-Pliocene Mammals. 

[d) A bed of red cave-earth, sometimes four feet in thick- 
ness, with numerous bones of extinct Mammals (Mammoth, 
Cave-bear, &c.), together with human implements of flint and 
horn. 

{e) A second bed of stalagmite, in places twelve feet in 
thickness, with bones of the Cave-bear. 

(/) -A red-loam and cave-breccia, with remains of the Cave- 
bear and human implements. 

The most important Mammals which are found in cave- 
deposits in Europe generally, are the Cave-bear, the Cave-lion, 
the Cave-hysena, the Reindeer, the Musk-ox, the Glutton, and 
the Lemming — of which the first three are probably identical 
with existing forms, and the remainder are certainly so — to- 
gether with the Mammoth and the Woolly Rhinoceros, which 
pe undoubtedly extinct. Along with these are found the 
implements, and in some cases the bones, of Man himself, in 
such a manner as to render it absolutely certain that an early 
race of men was truly contemporaneous in Western Europe 
with the animals above mentioned. 

IV. Unclassified Post-Pliocene Deposits. — Apart from 
any of the afore- mentioned deposits, there occur other accumu- 
lations — sometimes superficial, sometimes in caves — which are 
found in regions where a “ Glacial period ” has not been fully 
demonstrated, or where such did not take place j and which, 
therefore, are not amenable to 'the above classification. The 
most important of these are known to occur in South America 
and Australia ; and though their numerous extinct Mammalia 
place their reference to the Post-Pliocene period beyond 
doubt, their relations to the glacial period and its deposits in 
the northern hemisphere have not been precisely determined. 


CHAPTER XXIL 

the POST-PLIOCENE PERIOD — Continued, 

As regards the life of the Post-Pliocene period, we have, in 
the first place, to notice the effect produced throughout the 
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northern hemisphere by the gradual supervention of the Glacial 
period. Previous to this the climate must liave been temper- 
ate or warm-temperate ; but as tire cold gradually came on, 
two results were produced as regards the living beings of the 
area thus affected. In the first place, all those Mammals 
which, like the Mammoth, the Woolly Rhinoceros, the Lion, 
the Hyaena, aird the Hippopotamus, require, at any rate, mode- 
rately warm conditions, would be forced to migrate southwards 
to regions not affected by the new state of things. In the 
second place, Mammals previously inhabiting higher latitudes, 
such as the Reindeer, the Musk-ox, and the Lemming, would 
be enabled by the increasing cold to migrate southwards, and 
to invade provinces previously occupied by the Elephant and 
the Rhinoceros. A precisely similar, but more slowly- executed 
process, must have taken place in the sea, the northern Molliis- 
ca moving southwards as the arctic conditions of the Glacial 
period became established, whilst the forms proper to temperate 
seas receded. As regards the readily locomotive Mammals, 
also, it is probable that this process was carried on repeatedly 
in a partial manner, the southern and northern forms alternately 
fluctuating backwards and forwards over the same area, in ac- 
cordance with the fluctuations of temperature which have been 
shown by Mr James Geikie to have characterised the Glacial 
period as a whole. We can thus readily account for the inter- 
mixture which is sometimes found of northern and southern types 
of Mammalia in the same deposits, or in deposits apparently 
synchronous, and within a single district. Lastly, at the final 
close of the arctic cold of the Glacial period, and the re-estab- 
lishment of temperate conditions over the northern hemisphere, 
a reversal of the original process took place — the northern 
Mammals retiring within their ancient limits, and the southern 
forms pressing northwards and reoccupying their original 
domains. 

The l?iverf'^brate animals of the Post-Pliocene deposits re- . 
quire no further mention — all the known forms, except a few 
of the shells in the lowest beds of the formation, being iden- 
tical with species now in existence upon the globe. The only 
point of importance in this connection has been previously 
noticed — namely, that in the true Glacial deposits themselves 
a considerable number of the shells belong to northern or 
Arctic types. 

As regards the Vertebrate animals of the period, no extinct 
forms of Fishes, Amphibians, or Reptiles are known to occur, 
but we meet with both extinct Birds and extinct Mammals. 
The remains of the former are of great interest, as indicating 
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the existence during Post- Pliocene times, at widely remote 
points of tire southern hemisphere, of various wingless, and for 
the most part gigantic, Birds. All the great wingless Birds of 
the order Cursores which are known as existing at the pres- 
ent day upon the globe, are restricted to regions rvhich are 
either wholly or in great part south of the equator. Thus the 
true Ostriches are African ; the Rheas are South American ; 
the Emeus are Australian; the Cassowaries are confined to 
Northern Australia, Papua, and the Indian Archipelago ; the 
species of Apterysi are natives of New Zealand; and the 
Dodo and Solitaire (wingless, though probably not true D/r- 
sores), both of which have been exterminated within histori- 
cal times, were inhabitants of the islands of Mauritius and 
Rodriguez, in the Indian Ocean. In view of these facts, it 
is noteworthy that, so far as known, all the Cursorial Birds 
of the Post-Pliocene period should have been confined to the 
same hemisphere as that inhabited by the living representatives 
of the order. ^ It is still further interesting to notice that the 
extinct forms in question are only found in geographical prov- 
inces which are now, or have been within historical times, inhab- 
ited by similar types. The greater number of the remains of 
these have been discovered in New Zealand, where there now 
live several species of the curious wingless genus Apteryx; and 
they have been referred by Professor Owen to several generic 
groups, of which Dinornis is the most important (fig. 257). 
Fourteen species of Dinornis have been described by the dis- 
tinguished paleontologist just mentioned, all of them being 
large wingless birds of the type of the existing Osti'ich, having 
enormously powerful hind-limbs adapted for running, but with 
the wings wholly rudimentary, and the breast-bone devoid of 
the keel or ridge which characterises this bone in all birds 
which fly. The largest species is the Dinornis gigantens, one 
of the most gigantic of living or fossil birds, the shank (tibia) 
measuring a yard in length, and the total height being at least 
ten feet. Another species, the Dinornis elephantopus (fig. 257), 
though not standing more than about six feet in height, was 
of an even more ponderous construction — ‘The framework 
of the skeleton being the most massive of any in the whole 
dass of Bhds,” wdiilst “ the toe-bones almost rival those of the 
Elephant (Owen). The feet in Dinornis were furnished with 
three toes, and are of interest as presenting us with an un- 
doubted Bird big enough to produce the largest of the foot- 
pnnts of the Triassic Sandstones of Connecticut. New Zea- 
and has now been so far explored, that it seems questionable 
If It can retain in its recesses any living example of Dinornis ; 
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but it is certain that species of this genus were alive during the 
human period, and survived up to quite a recent date. Not 
only are the bones very numerous in certain localities, but 



Fig. 257. — Skeleton of Dhiartiis dephnniopns, greatly reduced. Post-Pliocene, 
New Zealand. (After Owen.) 

they are found in the most recent and superficial deposits, and 
they still contain a considerable proportion of animal matter ; 
whilst in some instances bones have been found with the 
feathers attached, or with the horny skin of the legs still ad- 
hering to them. Charred bones have been found in connec- 
tion with native “ovens;” and the traditions of the Maories 
contain circumstantial accounts of gigantic wingless Birds, the 
“Moas,” which were hunted both for their flesh and their 
plumage. Upon the whole, therefore, there can be no doubt 
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but that the Moas of New Zealand have been externiinated at 
quite a recent period — perhaps within the last century — by the 
unrelenting pursuit of Man, — a pursuit which their wingless 
condition rendered them unable to evade. 

In Madagascar, bones have been discovered of another huge 
wingless Bird, which must have been as large as, or larger 
than, the Dinornis giganteus, and which has been described 
under the name of J^piornis maxhnus. With the bones have 
been found eggs measuring from thirteen to fourteen inches in 
diameter, and computed to have the capacity of three Ostrich 
eggs. At least two other smaller species of yEpmiiis have been 
described by Grandidier and Milne-Edwards as occurring in 
Madagascar j and they consider the genus to be so closely allied 
to the Dinornis of New Zealand, as to prove that these regions, 
now so remote, were at one time united by land. Unlike New 
Zealand, where there is the Apteryx^ Madagascar is not known 
to possess any living wingless Birds ; but in the neighbouring 
island of Mauritius the wingless Dodo {Didus ineptus) has been 
exterminated less than three hundred years ago ; and the little 
island of Rodriguez, in the same geographical province, has in 
a similar period lost the equally wingless Solitaire {Pezophaps), 
both of these, however, being generally referred to the Pasores, 
The Mammals of the Post-Pliocene period are so numerous, 
that in spite of the many points of interest which they present, 
only a few of the more important forms can be noticed here, 
mid that but briefly. The first order that claims our attention 
is that of the Marsupials, the headquarters of which at the 
present day is the Australian province. In Oolitic times 
Europe possessed its small Marsupials, and similar forms 
existed in the same area in the Eocene and Miocene periods ; 
but if size be any criterion, the culminating point in the history 
of the order was attained during the -Post-Pliocene period in 

Australia.. From deposits of 
this age there has been disen- 
tombed a whole series of re- 
mains of extinct, and for the 
most part gigantic, examples 
of this group of Quadrupeds. 
Not to speak of Wombats and 
Phalangers, two forms stand 
out prominently as represen- 
tatives of the Post-Pliocene 
animals of Australia. One of 
these is Diproiodon (fig. 2 58), representing, with many differ- 
ences, the well-known modern group of the Kangaroos. In 



Fig. 258. — Skull of Diproiodon A nsiralis, 
greatly reduced. Post-Pliocene, Australia. 
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its teeth, Dip-otodim shows itself to be closely allied to the 
living, grass-eating Kangaroos ; but the hind-limbs were not 
so disproportionately long. In size, also, Diprotodon must 
have many times exceeded the dimensions of the largest of 
its living successors, since the skull measures no less than 
three feet in length. The other form in question is Thylacoleo 
(fig. 259), which is believed by Professor Owen to belong to 
the same group as the existing “Native Devil” {JDasyun/s) of 
Van Diemens Land, and therefore to have been flesh-eating 
and rapacious in its habits, though this view is not accepted 
by others. The principal feature in the skull of Thylacoleo is 


Fig. 259 . — oi Thylacoleo. Post-Pliocene, Australia. Greatly reduced. 
(After Flower.) 


the presence, on each side of each jaw, of a single huge tooth, 
which is greatly compressed, and has a cutting edge. This 
tooth is regarded by Owen as corresponding to the great cut- 
ting tooth of the jaw of the typical Carnivores, but Professor 
Flower considers that Thylacoleo is rather related to the Kan- 
garoo-rats. The size of the crown of the tooth in question is 
not less than two inches and a quarter ; and whether carnivo- 
rous or not, it indicates an animal of a size exceeding that of 
the largest of existing Lions. 

The order of the Mdentates, comprising the existing Sloths, 
Ant-eaters, and Armadillos, and entirely restricted at the present 
day to South America, Southern Asia, and Africa, is one alike 
24 
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singular for the limited geographical range of its members, 
their curious habits of life, and the well-marked peculiarities 
of their anatomical structure. South America is the metropo- 
lis of the existing forms ; and it is an interesting fact that there 
flourished within Post-Pliocene times in this continent, and to 
some extent in North America also, a marvellous group of ex- 
tinct Edentates, representing the living Sloths and Armadillos, 
but of gigantic size. The most celebrated of these is the huge 
Megatherium Ctivieri (fig. 260) of the South American Pampas. 



Fig. ltd.— Megatherium Cteaieri. Post-Pliocene, South America. 


The Megathere was a colossal Sloth-like animal which attained 
a length of from twelve to eighteen feet, with bones more mas- 
sive than those of the Elephant. Thus the thigh-bone is 
nearly thrice the thickness of the same bone in the largest 
of existing Elephants, its circumference at its narrowest point 
nearly equalling its total length ] the massive bones of the 
shank (tibia and fibula) are amalgamated at their extremities ; 
the heel-bone (calcaneum) is nearly half a yard in length ; the 
haunch-bones (ilia) are from four to five feet across at their 
crests j and the bodies of the vertebrae at the root of the tail 
are from five to seven inches in diameter, from which it has 
been computed that the circumference of the tail at this part 
might have been from five to six feet. The length of the fore- 
foot is about a yard, and the toes are armed with powerful 
curved claws. It is known now that the Megathere, in spite 
of its enormous weight and ponderous construction, walked, 
like the existing Ant-eaters and Sloths, upon the outside edge 
of the fore-feet, with the claws more or less bent inwards 
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towards the palm of the hand. As in the great majority of 
the Edentate order, incisor and canine teeth are entirely 
wanting, the front of the jaws being toothless. The jaws, 
however, are furnished with five upper and four lower molar 
teeth on each side. These grinding teeth are from seven to 
eight inches in length, in the form of four-sided prisms, the 
crowns of which are provided with well-marked transverse 
ridges and they continue to grow during the whole life of 
the animal. There are indications that the snout was pro- 
longed, and more or less flexible; and the tongue was proba- 
bly prehensile. From the characters of the molar teeth it 
is certain that the Megathere was purely herbivorous in its 
habits ; and from the enormous size and weight of the body, 
it is equally certain that it could not have imitated its modern 
allies, the Sloths, in the feat of climbing, back downwards, 
amongst the trees. It is clear, therefore, that the Megathere 
sought its sustenance upon the ground ; and it was originally 
supposed to have lived upon roots. By a masterly piece of 
deductive reasoning, however, Professor Owen showed that 
this great “ Ground-Sloth ” must have truly lived upon the 
foliage of trees, like the existing Sloths — but with this differ- 
ence, that instead of climbing amongst the branches, it actually 
uprooted the tree bodily. In this totir de force, the animal 
sat upon its huge haunches and mighty tail, as on a tripod, 
and then grasping the trunk with its powerful arms, either 
wrenched it-up by the roots or broke it short off above the 
ground. Marvellous as this may seem, it can be shown that 
every detail in the skeleton of the Megathere accords with the 
supposition that it obtained its food in this way. Similar 
habits were followed by the allied Mylodon (fig. 261), another 
of the great '' Ground-Sloths,” which inhabited Scuth America 
during the Post-Pliocene period. In most respects, the Mylo- 
don is very like the Megathere ; but the crowns of the molar 
teeth are flat instead of being ridged. The nearly-related 
genus Megalonyoc, unlike the Megathere, but like the Mylodon, 
extended its range northwards as far as the United States. 

Just as the Sloths of the present day were formerly repre- 
sented in the same geographical area by the gigantic Megathe- 
roids, so the little banded and cuirassed Armadillos of South 
America were fonneidy represented by gigantic species, con- 
stituting the genus Glyftodon. The Glyplodons (fig. 262) 
differed from the living Armadillos in having no bands in 
their armour, so that they must have been unable to roll 
themselves up. It is rare at the present day to meet with any 
Armadillo over two or three feet in length ; but the length of 
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the Glyptodon clavipes, from the tip of the snout to the end of 
the tail, was more than nine feet. 

There are no canine or incisor teeth in the Glyptodon^ but 



Fig. 261. S\i 6 [&taTi of Myhdon rohtsUts. Post-Pliocene, South America. 



there are eight molars on each side of each jaw, and the crowns 
of these are fluted and almost trilobed. The head is covered 


Fig. 262.— Skeleton of Glyptodon clavijtes. Post-Pliocene, South America. 


by a helmet of bony plates, and the trunk was defended by an 
armour of almost hexagonal bony pieces united by sutures, and 
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exhibiting special patterns of sculpturing in each species. The 
tail was also defended by a similar armour, and the vertebrse 
were mostly fused together so as to form a cylindrical bony 
rod. In addition to the above-mentioned forms, a number 
of other Edentate animals have been discovered by the re- 
searches of M. Lund in the Post-Pliocene deposits of the 
Brazilian bone-caves. Amongst these a^e trpe Ant-eaters, 
Armadillos, and Sloths, many of them of gigantic size, and all 
specifically or genericully distinct from existing forms. 

Passing over the aquatic orders of the Sircnians and Cc- 
taceans, we come next to the great group of the Ploofed Quad- 
rupeds, the remains of which are very abundant in Post- 
Pliocene deposits both in Europe and North America. 
Amongst the Odd -toed Ungulates the most important are 
the Rhinoceroses, of which three species are known to have 
existed in Europe during the Post-Pliocene period. Two 
of these are the well-known Pliocene forms, the Rhinoceros 
Etruscus and the R, mcgarhinas^ still surviving in diminished 
numbers \ but the most famous is the Rhinoceros tichorhinus 
(fig. 263), or so-called ‘‘ Woolly Rhinoceros.” This species 



Fig. 263. — Skull of the Tichorhiiie Rhinoceros, the horns being wanting. One-tenth 
of the natural size. Po.st-Pliocene deposits of’Europe and Asia, 

is known not only by innumerable bones, but also by a car- 
cass, at the time of its discovery complete, which was found 
embedded in the frozen soil of .Siberia towards the close of 
last century, and which was partly saved from destruction by 
the exertions of the naturalist Pallas, From this, we know 
that the Tichorhine Rhinoceros, like its associate the Mam- 
moth, was provided with a coating of hair, and therefore was 
enabled to endure a more severe climate than any existing 
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Seii which char- 

acte use most of the existing forms ; and the technical name 

of the species refers to the fact that the nostrils were com- 
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Fig. 264. — Skeleton of tlie “ Irish Elk" (Cervusmegaceres). 
Post-Pliocene, Britain. 


Northern Europe, and also (under the name of the “ Caribou”) 
in North America. When the cold of the Glacial period be- 
came established, this boreal species was enabled to invade 
Central and Western Europe in great herds, and its remains 
are found abundantly in cave-earths and other Post-Pliocene 
deposits as far south as the Pyrenees. 

In addition to the above, the Post-Pliocene deposits of 
Europe and North America have yielded the remains of vari- 
ous Sheep and Oxen. One of the most mteresting of the 
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latter is the “ Urus ” 
which, though much 


or Wild Bull [Bos primigmms, fig. 265), 
laigei than any of the existing forms, is 



Fig. 265. "—Skull of the Urus (Bos pnviigenius), 
(After Owen.) 


Post-Pliocene and Recent. 
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tinctively northern animal j but it enjoyed during the Cdacial 
period a much wider range than it has at the present day, the 
conditions suitable for its existence being then extended over 
a considerable portion of the northern hemisphere. Thus 
remains of the Musk-Ox are found in greater or less abun- 
dance in Post-Pliocene deposits over a great part of Europe 
extending even to the south of France; and closely- related 
forms are found in similar deposits in the United States. 

Coming to the Proboscideans, we find that the Mastodons 
seem to have disappeared in Europe at the close of the 
Pliocene period, or at the very commencement of the Post- 
Pliocene. In the New World, on the other hand, a species of 
Mastodon {M. Americaims or M. Ohioticus) \% found abun- 
dantly in deposits of Post -Pliocene age, from Canada to 
Texas. Very perfect skeletons of this species have been 
exhumed from morasses and swamps, and large individuals 
attained a length (exclusive of the tusks) of seventeen feet and 
a height of eleven feet, the tusks being twelve feet in length. 
Remains of Elephants are also abundant in the Post-Pliocene 
deposits of both the Old and the New World. ■ Amongst these, 
we find in Europe the two familiar Pliocene species E, mcrl 
dionalis and E. antiqims still surviving, but in diminished 
numbers. With these are found in vast abundance the re- 
mains of the characteristic Elephant of the Post-Pliocene, the 
well-known Mammoth ” (Elephas primigenius), which is ac- 
companied in North America by the nearly-allied, but more 
southern species, the Elephas Americafius. The Mammoth (fig. 
266) is considerably larger than the largest of the living Ele- 
phants, the skeleton being over sixteen feet in length, exclusive 
of the tusks, and over nine feet in height. The tusks are bent 
almost into a circle, and are sometimes twelve feet in length, 
measured along their curvature. In the frozen soil of Siberia 
several carcasses of the Mammoth have been discovered with 
the flesh and skin still attached to the bones, the most cele- 
brated of these being a Mammoth which was discovered at the 
beginning of this century at the mouth of the Lena, on the borders 
of the Frozen Sea, and the skeleton- of which is now preserved 
at St Petersburg (fig. 266). From the occurrence of the remains 
of the Mammoth in vast numbers in Siberia, it might have been 
safely inferred that this ancient Ele])hant was able to endure a far 
more rigorous climate than its existing congeners. This infer- 
ence has, hoAvever, been rendered a certainty by the specimens 
just referred to, which show that the Mammoth was protected 
against the cold by a thick coat of reddish-brown wool, some 
nine or ten inches long, interspersed with strong, coarse black 
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hair more than a foot in length. The teeth of the Mammoth 
(fig. 267) are of the type of those of the existing Indian Ele- 
phant, and are found in immense numbers in certain localities. 



The Mammoth was essentially northern in its distribution, 
never passmg south of a line drawn through the Pyrenees, the 
Alps, the northern shores of the Caspian, Lake Baikal, Kam- 
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schatka, and the Stanovi Mountains (Dawkins). It occurs in 
the Pre-Glacial forest-bed of Cromer in Norfolk, survived the 



Fig. 207.— Molar tooth of the Mammoth {Eleplias primigcnim), upper jaw, right side, 

one-tliird of the natural .size, a, Grinding surface ; b, Side view. Post- Pliocene. 

Glacial period, and is found abundantly in Post-Glacial de- 
posits in France, Germany, Britain, Russia in Europe, Asia, 
and North America, being often associated with the Reindeer, 
Lemming, and Musk-ox. That it survived into the earlier 
portion of the human period is unquestionable, its remains 
having been found in a great number of instances associated 
with implements of human manufacture ; whilst in one instance 
a recognisable portrait of it has been discovered, carved on 
bone. 

Amongst other Elephants which occur in Post-Pliocene de- 
posits may be mentioned, as of special interest, the pigmy 
Elephants of Malta. One of these — the Elephas Melitensis, or 
so-called “Donkey- Elephant" — was not more than four and 
a half feet in height. The other — the Elephas Ealconeri, of 
Busk — -was still smaller, its average height at the withers not 
exceeding two and a half to three feet. 

Whilst herbivorous animals abounded during the Post- 
Pliocene, we have ample evidence of the coexistence with 
them of a number of Carnivorous forms, both in the New and, 
the Old World. The Bears are represented in Europe by at 
least three species, two of which — namely, the great Grizzly 
Bear {Ursus ferox) and the smaller Brown Bear {Ursus arctos) 
— are in existence at the present day. Tiie third speciesis the 
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celebrated Cave-bear {Ursus spelmts, fig. 2 68), which is now 
extinct. The Cave-bear exceeded in its dimensions the largest 



Fig. 268. oi Ursus sMesus. Post-Pliocene, Europe. One-sixth 

of the natural size. 


0 modern Bears; and its remains, as its name implies, have 
een found mainly in cavern-deposits. Enormous numbers of 

mis Imp and ferocious species must have lived in Europe in 
Bost-Glacial times ; and that they survived into the human 
period, i.s clearly shown by the common association of their 
bones with the iinplemeiits of man. They are occasionally 
apompmed by the remains of a Glutton (the Gulo spelccus), 
which does notpipear to be really separable from the existing 
oiverine or Glutton of northern regions (the Gulo hiscus). 
p addition, we meet with the bones of the Wolf, Fox, Weasel, 
Otter, Badgp, Wild Cat, Panther, Hytena, and Lion, &c., 
ogether with the extinct Machairodus or “Sabre-toothed 
Iiger. The only two of these that deserve further mention 
are the Hymna and the Lion. The Cave-hyaena iBjicE7ia 
sj)e csa, ng. 269) is regarded by high authorities as nothing 
more than a variety of the living Spotted Hyfena {II. crocuta) 

01 bouth Africa. This well-known species inhabited Britain 
fu if considerable portion of Europe during a large part of 

e os - hocene period ; and its remains often occur in great 
abundpp. Indeed, some caves, such as the Kirkdale Cavern 
in Yorkshire, were dens inhabited during long periods by these 
anmals, and thus contain the remains of numerous individuals 
an of mccessive generations of Hyaenas, together with in- 
numerable gnawed and bitten bones of their prey. That the 
Lare-hy^na was a contemporary with Man in Western Europe 
dunng Post-Glacial times is shown bevond a doubt by the 
common association of its bones with human implements: 
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Lastly, the so-called Cave-lion {Felis s^elaa), long supposed 
to be a distinct species, has been shown to be nothing more 



Fig. 269. — Skull of Hymia speiiea, one-fourth of the natural size. 
Post-Phocene, Europe. 


than a large variety of the existing Lion [Felis leo). This 
animal inhabited Britain and Western Europe in times pos- 
terior to the Glacial period, and was a contemporary of the 
Cave-hysena, Cave-bear, Woolly Rhinoceros, and Mammoth. 
The Cave-lion also unquestionably survived into the earlier 
portion of the human period in Europe. 

The Post-Pliocene deposits of Europe have further yielded 
the remains of numerous Rodents — such as the Bea.ver, the 
Northern Lemming, Marmots, Mice, Voles, Rabbits, &c. — to- 
gether with the gigantic extinct Beaver known as the Trogon- 
ihermni Ctivieri (fig. 270). The great Castoroides Ohioensis oi 
the Post-Pliocene of North 
America is also a great ex- 
tinct Beaver, which reached 
a length of about five feet. 

Lastly, the Brazilian bone- 
caves have yielded the re- 
mains of numerous Rodents 
of types now characteristic 
of South America, such as 
Guinea-pigs, Capybaras, tree- 
inhabiting Porcupines, and 

Coypus. • ij j 1 

The deposits jhst alluded to have further yielded the 
remains of various Monkeys, such as Howling Monkeys, 
Squirrel Monkeys, and Marmosets, all of which belong to the 
group of Quadrumaim which is now exclusively confined to 



Fig. 27b.— Lower jaw of TrogoniheHttm 
Cuvieri, one-fourtli of the natural size. Post- 
Pliocene, Britain. 
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Monkeyf continent — namely, the “Platyrhine” 

briefly to consider the occurrence of 
deposits; but before doing so, it will be 
well to draw attention to the evidence afforded by the Post- 
iliocene Mammals as to the climate of Western Europe at 
tns penod. The chief point which we have to notice is, that 
a considerable revolution of opinion has taken place on this 
point. It was originally believed that the presence of such 
animals as Elephants, Lions, the Rhinoceros, and the Hippo- 
potamus afforded an irrefragable proof that the climate of 
Lurope must have been a warm one, at any rate during Post- 
Glacial tunes. The existence, also, of numbers of Mammoths 
m bibena, was further supposed to indicate that this high tem- 
perature extended itself very far north. Upon the whole, how- 
eyer, the evidence is against this view. Not only is there great 
Qimculty in supposing that the Arctic conditions of the Glacial 
perio were immediately followed by anything warmer than a 
fi climate ; but there is nothing in the nature of 

tne Mammals themselves which would absolutely forbid their 
ivmg in a temperate climate. The Hippopotamus major, thougli 
probably clad in hair, offers some difficulty — since, as pointed 
out by Professor Busk, it must have required a climate siiffi- 
cyentiy warm to insure that the rivers were not frozen over in the 
winter; but it was probably a migratory animal, and its occur- 
rence may be accounted for by this. The Woolly Rhinoceros 
ana the Mammoth are known with certainty to have been pro- 
tected with a thick covering of wool and hair ; and their ex- 
tension northwards need not necessarily have been limited by 
anything except the absence of a sufficiently luxuriant vege- 
tation to afford them food. The great American Mastodon, 
lough not certainly known to have possessed a hairy covering, 
has been shown to jiave lived upon the shoots of Spruce and 
ire, rees ciarcmt eristic of temperate regions — as shown by the 
undigested food which has been found with its skeleton, oc- 
cupying the place of the stomach. The Lions and Hymnas, 
again, as shown by Professor Boyd Dawkins, do not indicate 
necessarily a warm climate. Wherever a sufficiency of her- 
bivorous animals to supply them with food can live, there they 
can live also ; and they have therefore no special bearing upoii 

ProfpsSr°n ^ review of the whole evidence. 

Professor Dawkins concludes that the nearest approach at the 
present day to the Post- Pliocene climate of Western Europe 

great Siberian plains S 
Stretch from the Altai Mountains to the Frozen Sea! ‘‘ Covered 
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by impenetrable forests, for the most part of Birch, Poplar, 
Larch, and Pines, and low creeping dwarf Cedars, they present 
every gradation in climate from the temperate to that in which 
the cold is too severe to admit of the growth of trees, which 
decrease in size as the traveller advances northwards, and are 
replaced by the grey mosses and lichens that cover the low 
marshy ‘ tundras.’ The maximum winter cold, registered by 
Admiral Von Wrangel at Nishne Kolymsk, on the banks of 
the Kolyma, is— -65° in January. ‘Then breathing becomes 
difficult; the Reindeer, that citizen of the Polar region, with- 
draws to the deepest thicket of the forest, and stands there 
motionless as if deprived of life and trees burst asunder with 
the cold. Throughout this area roam Elks, Black Bears, 
Foxes, Sables, and Wolves, that afford subsistence to the 
Jakutian and Tungusian fur-hunters. In the northern part 
countless herds of Reindeer, Elks, Foxes, and Wolverines 
make up for .the poverty of vegetation by the rich abundance 
of animal life. ‘ Enormous flights of Swans, Geese, and Ducks 
arrive in the spring, and seek deserts where they may moult 
and build their nests in safety. Ptarmigans run in troops 
amongst the bushes ; little Snipes are busy along the brooks 
and in the morasses ; the social Crows seek the neighbourhood 
of new habitations ; and when the sun shines in spring, one 
may even sometimes hear the cheerful note of the Finch, and 
in autumn that of the Thrush.’ Throughout this region of 
woods, a hardy, middle-sized breed of horses lives under the 
mastership and care of man, and is eminently adapted to be^ 
the severity of the climate. . . . The only limit to their 

northern range is the difficulty of obtaining food.^ The severity 
of the winter through the southern portion of this vast wooded 
area is almost compensated for by the summer heat and its 
marvellous effect on vegetation.” — -(Dawkins, ‘ Monograph of 
Pleistocene Mammalia.’) 

Finally, a few words must be said as to the occurrence of the 
remains of Man in Post-Pliocene deposits. That Man existed 
in Western Europe and in Britain during the Post-Pliocene 
period, is placed beyond a doubt by the occurrence of his bones 
in deposits of this age, along with the much more frequent 
occurrence of implements of human manufacture.^ At vvhat 
precise point of time during the Post-Pliocene period he first 
made his appearance is still a matter of conjecture. Recent 
researches would render it probable that the early inhabitants 
of Britain and Western Europe were witnesses of the stupencL 
ous phenomena of the Glacial period j but this cannot ^ 
to have been demonstrated. That Man existed m these 
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regions during the Post-Glacial division of Post-Pliocene time 
cannot be doubted for a moment As to the physical peculi 
anties of the ancient races that lived with the Mammoth and 
the Woolly Rhinoceros, little is known compared with what 
we may some day hope to know. Such information as we 
have, however, based .principally on the skulls of the Engis 
Neanderthal, Cro-Magnon, and Br uniquel caverns, would lead 
to the conclusion that Post-Pliocene Man was in no respect 
inferior in his organisation to, or less highly developed than 
many existing races. All the known skulls of this period, with 
the single exception of the Neanderthal cranium, are in all 
respects average and normal in their characters ; and even the 
Neanderthal skull possessed a cubic capacity at least equal to 
that of some existing races. The implements of Post-Pliocene 
Man are. exclusively of stone or bone; and the former are 
invariably of rude shape and undressed. These palteolithic ” 
tools {Gs. jialaws, ancient ; lithos, stone) point to a very early 
condition of the arts ; since the men of the earlier portion 
ot the Recent period, though likewise unacquainted with the 
metals, were in the habit of polishing or dressing the stone 
implements which they fabricated. 

It is hnpossible here to enter further into this subject : and 
It would be useless to do so without entering as well into a 
consideration of the human remains of the Recent period— -a 
fof P outside the province of the present work. So 

tar as Post-P locene Man is concerned, the chief points which 
the palieontological student has to remember have been else- 
where summarised by the author as follows 

wlit ‘°^aMy existed during the later portion of 

In ® ! has termed the “Post-Pliocene” period. 

In other words, Man s existence dates back to a time when 

® previously mentioned, had not 

date back to a time 

anterior to the present Molluscan fauna. 

a LtTe^r\3“^^ Post-Pliocene period is 

GerosvDronJ .nH settled by the evidence of 

ueoiogy proper, and need not be discussed here. 

western A* coexisted in 

beins. the Xtsmi-nnH. important 

cero? the Woolly Rhino- 

ShfinlTff the Cave-lion (Rlis spLa), the 

Ceve-bear { Ui-sm spJaus). 

species SS Wo’ P •''‘■■dly any Mammalian 

species has become extinct during the historical period. 
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4. The extinct Mammals with which man coexisted are re- 
ferable in ' many cases to species which presumably required a 
very different climate to that now prevailing in Western Europe. 
How long a period, however, has been consumed in the bring- 
ing about of the climatic changes thus indicated, we have no 
means of calculating with any approach to accuracy. 

5. Some of the deposits in which the remains of man have 
been found associated with the bones of extinct Mammals, are 
such as to show incontestably that great changes in the phy- 
sical geography and surface-configuration of Western Europe 
have taken place since the period of their accumulation. We 
have, however, no means at present of judging of the lapse of 
time thus indicated except by analogies and comparisons which 
may be disputed. 

6. The human implements which are associated with the 
remains of extinct Mammals, themselves bear evidence of an 
exceedingly barbarous condition of the human species. Post- 
Pliocene or “ PaltBolithic ” Man was clearly unacquainted with 
the use of any of the metals. Not only so, but the workman- 
ship of these ancient races was much inferior to that of the 
later tribes, who were also ignorant of the metals, and who 
also used nothing but weapons and tools of stone, bone, &c. 

7. Lastly, it is only with the human remains of the Post- 
Pliocene period that the palaeontologist proper has to deal. 
When we enter the “ Recent ” period, in which the remains of 
Man are associated with those of existing species of Mammals, 
we pass out of the region of pure palaeontology into the do- 
main of the Archeologist and the Ethnologist. 
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CHAPTER XXIII. 

THE SUCCESSION OF LIFE UPON THE GLOBE, 

In conclusion, it may not be out of place if we attempt to 
summarise, in the briefest possible manner, seme of the prin- 
cipal results which may be deduced as to the succession of 
life upon the earth from the facts which have in the preceding 
piortion of this work been passed in review. That there was 
a time when the earth was void of life is universally admitted, 
though it may be that the geological record gives us no direct 
evidence of this. That the globe of to-day is peopled with 
innumerable forms of life whose term of existence has been, 
for the most part, but as it Avere of yesterday, is likewise an 
assertion beyond dispute. Can Ave in any Avay connect the 
present with the remote past, and can we indicate even im- 
perfectly the conditions and laws under Avhich the existing 
order was brought about? The long series of fossiliferous 
deposits, with their almost countless organic remains, is the 
link between what has been and Avhat is ; and if any answer 
to the above question can be arrived at, it will be by the 
careful and conscientious study of the facts of Palseontology. 
In the present state of our knoAvledge, it may be safely said 
that anything like a dogmatic or positive opinion as to the 
precise sequence of living forms upon the globe, and still 
more as to the manner in which this sequence may have been 
brought about, is incapable of scientific proof. There are, 
hoAvever, certain general deductions from the known facts 
which may be regarded as certainly established. 

In the first place, it is certain that there has been a succession 
of life upon the earth, different specific and generic types suc- 
ceeding one another in successive periods. It follows from 
this, that the animals and plants Avith which Ave are familiar as 
living, were not always upon the earth, but that they have been 
preceded by numerous races more or less differing from them. 
What is true of the species of animals, and plants, is true also 
of the higher zoological divisions; and it is, in the second 
place, quite certain that there has been a similar succession in 
the order of appearance of the primary groups (“ sub-king- 
doms,” “ classes,” &c.) of animals and vegetables. These 
great groups did not all come into existence at once, but they 
made their appearance successively. It is true that we can- 
pot be said to be certainly acquainted with the fi,t:st absolute 
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appearance of any great group of animals. No one dare 
assert positively that the apparent first apjoearance of Fishes 
in the Upper Silurian is really their first introduction upon the 
earth : indeed, there is a strong probability against any such 
supposition. To whatever extent, howevei', future discoveries 
may push back the first advent of any or of all of the great 
groups of life, there is no likelihood that anything will be found 
out which will materially alter the relative succession of these 
groups as at present known to us. It is not likely, for 
example, that the future has in store for us any discovery by 
which it would be shown that Fishes were in existence before 
Molluscs, or that Mammals made their appearance before 
Fishes. The sub-kingdoms of Invertebrate animals were all 
represented in Cambrian times — and it might therefore be in- 
ferred that these had all come simultaneously into existence; 
but it is clear that this inference, though incapable of actual 
disproof, is in the last degree improbable. Anterior to the 
Cambrian is the great series of the Laurentian, which, owing 
to the metamorphism to which it has been subjected, has so 
far yielded but the singular Eozobn. We may be certain, 
however, that others of the Invertebrate sub-kingdoms besides 
the Protozoa were in existence in the Laurentian period ; and 
we may infer from knoum analogies that they appeared suc- 
cessively, and not simultaneously. 

When we come to smaller divisions than the sub -king- 
doms — such as classes, orders, and families' — a similar suc- 
cession of groups is observable. The different classes of 
any given sub-kingdom, or the different orders of any given 
class, do not make their appearance together and all at once, 
but they are introduced upon the earth in siiecession. More 
than this, the different classes of a sub-kingdom, or the differ- 
ent orders of a class, in the main succeed one another in the 
relative order of their zoological rank — the lower groups appear- 
ff'f and the^ higher groups last. It is true that in the 
Carnbrian formation — the earliest series of sediments in which 
fossils are abundant — ^\ve find numerous groups, some very 
low, others very high, in the zoological scale, which appear 
to have simultaneously flashed into existence. For reasons 
stated above, however, we cannot accept this appearance as 
real ; and we must believe that many of the Cambrian groups 
of animals reall}- came into being long before the commence- 
Cambrian period. At any rate, in the long series 
of fossiliferous deposits of later date than the Cambrian the 
above-stated rule holds good as a broad generalisation — that 
the lower groups, namely, precede the higher in ppint of time; 
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and though there are apparent exceptions to the rule, there 
are none of such a nature as not to admit of explanation. 
Some of the leading facts upon which this generalisation is 
founded will be enumerated immediately ; but it will be well, 
in the first place, to consider briefly what we precisely mean 
when we speak of “ higher ” and “ lower ” groups. _ 

It is well known that naturalists are in the habit of “ clas- 
sifying" the innumerable animals which now exist upon the 
globe ; or, in other words, of systematically arranging them into 
groups. The precise arrangement adopted by one naturalist 
may differ in minor details from that adopted by another ; but 
all are agreed as to the fundamental points of classification, 
and all, therefore, agree in placing certain groups in a certain 
sequence. What, then, is the principle upon which this 
sequence is based ? Why, for example, are the Sponges placed 
beloAvthe Corals; these below the Sea-urchins; and these, again, 
below the Shell-fish? Without entering into a discussion of 
the principles of zoological classification, which would here be 
out of place, it must be sufficient to say that the, sequence in 
question is based upon the relative type of organisation of the 
groups of animals classified. The Corals are placed above the 
Sponges upon the ground that, regarded as a whole, the plan 
or type of stmctnre of a Coral is more complex than that of a 
Sponge. It is not in the slightest degree that the Sponge is in 
any respect less highly organised or less perfect, as a Sponge, 
than is the Coral as a Coral. Each is equally perfect in its 
own way ; but the structural pattern of the Coral is the highest, 
and therefore it occupies a higher place in the zoological scale. 
It is upon this principle, then, that the primary subdivisions 
of the animal kingdom (the so-called ■“ sub-kingdoms I p-ie 
arranged in a certain order. Coming, again, to the minor 
subdivisions (classes, orders, &c.) of each sub-kingdom, we 
find a different but entirely analogous principle employed as a 
means of classification. The numerous animals belonging to 
any given sub-kingdom are formed upon the same fundainenta 
plan of structure; but they nevertheless admit of being ar- 
ranged in a regular series of groups. All the Shell-fish, _ or 
example, are built upon a common plan, this plan representing 
the ideal Mollusc; but there are at the same time various 
groups of the Mollusca, and these groups admit of an arrange- 
ment in a given sequence. The principle adopted in 1 11s rase 
is simply of the relative elaboration of the common type. Ihe 
Oyster is built upon the same ground-plan as the Cuttle-fish, but 
this plan is carried out with much greater elaboration, and with 
many ragre complexities, in thg W former , anq 
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in accordance with this, the Cephalopoda constitute a higher 
group than the Bivalve Shell-fish. As in the case of superiority 
of structural type, so in this case also, it is not in the least that 
the Oyster is an imperfect animal. On the contrary, it is just 
as perfectly adapted by its organisation to fill its own sphere 
and to meet the exigencies of its own existence as is the 
Cuttle-fish; but the latter lives a life which is, physiologically, 
higher than the former, and its orgaziisation is correspondingly 
increased in complexity. 

This being understood, it may be repeated that, in the 
main, the succession of life upon the globe in point of time 
has corresponded with the relative oi'der of succession of the 
great groups of animals in zoological ranii ; and some of the 
more striking examples of this may be here alluded to. 
Amongst the EchmoderniSy for instance, the two orders gen- 
erally admitted^ to^ be the “ lowest in the zoological scale — 
namely, the Crinoids and the Cystoids — are likewise the oldest, 
both appearing in the Cambrian, the former slowly dying out 
as we approach the Recent period, and the latter disappearing 
wholly before the close of the Palaeozoic period. Amongst the 
Cmistaceans, the ancient groups of the Tidlobites, Ostracodes, 
Phyllopods, Eurypterids, and Limuloids, some of which exist 
at the present day, are all “low” types; whereas the highly- 
organised Decapods do not make their appearance till near the 
close of the Palaeozoic epoch, and they do not become abun- 
dant tdl we reach Mesozoic times. Amongst the Molhisca, 
mose Bivalves which possess breathing-tubes (the “ siphonate 
Bivaive.s) are generally admitted to be higher than those which 
are destitute of these organs (the “asiphonate ” Bivalves) ; and 
the latter are especially characteristic of the Palaeozoic period, 
whilst the former abound in Mesozoic and Kainozoic forma- 
tions. Similarly, the Univalves with breathing-tubes and a 
corresponding notch in the mouth of the shell (“siphonosto- 
matous Univalves) are regarded as higher in the scale than 
the round-mouthed vegetable-eating Sea-snails, in which no 
respiratory siphons exist (“holostomatous” Univalves); but 
the latter abound m the Palmozoic rocks— whereas the former 
1™^^^ their appearance till the Jurassic period, and 
their higher groups do not seem to have existed till the close 
oniie Cretaceous. The Cephalopods, again— the highest of all 

rnrl-^ represented in the Paleozoic 

rockb exclusively by Tetrabranchiate forms, which constitute 

hkhwlrf V whereas the more 

ti f do not make tlreir appearance 

till the coriimencement pf the Mesozoic. The Paleozoic 
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Tetrabranchiates, also, are of a much simpler type than the 
highly complex AimnonitidcB of the Mesozoic. _ 

Similar facts are observable amongst the Vertebrate animals. 
The Fishes are the lowest class of Vertebrates, and they are 
the first to appear, their first certain occurrence being in the 
Upper Silurian ; whilst, even if the Lower Silurian and Upper 
Cambrian “ Conodonts ” were shown to be the teeth of Fishes, 
there would still remain the enormously long periods of the 
Laurentian and Lower Cambrian, during which there were In- 
vertebrates, but no Vertebrates. The Amphibians, the next 
class in zoological order, appears later than the Fishes, and 
is not represented till the Carboniferous ; whilst its highes 
group (that of the Frogs and Toads) does not mak^ts entrance 
upon tlie scene till Tertiary times are reached. The class ot 
the Reptiles, again, the next in order, does not_ appear till 
the Permian, and therefore not till after Amphibians of very 
varied forms had been in existence for a protracted period. 

Birds seem to be undoubtedly later than the Reptiles; 
but, owing to the uncertainty as to the exact point of their lust 
appearance, it cannot be positively asserted that they pre- 
ceded Mammals, as they should have done. Finally, the 
Mesozoic types Mammals are mainly, if not exclusive y, 
referable to. the Marsupials, one of the lowest orders of the 
class ; whilst the higher orders of the » Placental Quadmpeds 
are not with certainty known to have existed prior to the con - 

mencement of the Tertiary period. , , 

Facts of a very similar nature are offered by the succession 
of Plants upon the globe. Thus the vegetation of the Palseo- 
zoic period consisted principally of the lowly-or^nised groui s 
of tlie Cryptogamous or Flowerless p ants. The ^osozoic 
formations, up to the Chalk, are especially characterised by the 
naked-seeded Flowering plants— the Conifers and the Cycads 
whilst the higher groups of the Angiospermous Exogens and 
Monocotyledons characterise the Upper Cretaceous and I er- 

Facts of the above nature— and they could be greatly multi- 
plied-seem to point clearly to the existence of some aw of 
progression, though we certainly are not yet ip. a p 
formulate this law, or to indicate the precise maimer m whi 
it has operated. Two considerations, also, must not 0® oyer 
looked. In the first place, there are various groups, some ot 
them highly organised, which make their appearance at an ex- 

tremelyfndent date, but which continue throughout geological 
time almost unchanged, and oertamly uuprogressive. Many ot 

these “ persistent types ” are known— such as vanous o 
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Fora^ninifera,^ the Lingulce^ the &c. ^ and they indicate 

that under given conditions, at present unknoAvn to us, it is 
possible for a life-form to subsist for an almost indefinite period 
without any important modification of its structure. In the 
second place, whilst the facts above mentioned point to some 
general law of progression of the great zoological groups, it 
cannot be asserted that the primeval types of any given group 
are necessarily “ lower,” zoologically speaking, than their 
modern representatives. Nor does this seem to be at all 
necessary for the establishment of the law in question. It 
cannot be asserted, for example, that the Ganoid and Placoid 
Fishes of the Upper Silurian are in themselves less highly 
organised than their existing representatives ; nor can it even 
be asserted that the Ganoid and Placoid orders are low groups 
of the class Pisces. On the contrary, they are high groups ; 
but then it must be remembered that these are probably not 
leally the first Fishes, and that if we meet with Fishes at some 
future time in the Lower Silurian or .Cambrian, these may 
easdy prove to be representatives of the lower orders of the 
class.^ This question cannot be further entered into here, as 
Its discussion could be carried out to an almost unlimited 
length; but whilst there are facts pointing both ways, it 
appears that at present we are not justified in asserting that the 
earlier types of each group — so far as these are known to us, 
or really are without predecessors — are necessarily or invariably 
niore “degraded” or “embryonic” in their structure than 
their more inodern representatives. 

It remains to consider veiy briefly how far Palseontology 
supports the doctrine of “ Evolution,” as it is called; and this, 
too, is a question of almost infinite dimensions, which can but 
be glanced at here. Does Palreontology teach us that the 
almost innumerable kinds of animals and plants which we 
know to have successively flourished upon the earth in past 
times were produced separately and wholly independently of 
each othei, at successive periods? or does it point to the 
tlieory that a large number of these supposed distinct forms 
have been m reality produced by the slow modification of a 
comparatively small nurnber of primitive types ? Upon the 
whole, it must be unhesitatingly replied that the evidence of 
Pateontology is in favour of the view that the succession of 
ife-forms upon the globe has been to a large extent regulated 
by some orderly and constantly-acting law of modification and 
Other theory can we comprehend how 
the laima of any given formation is more closely related to 
that of the formation next below in the series, and to that of 
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the formation next above, than to that of any other series of 
deposits. Upon no other view can we comprehend why the 
Post-Tertiary Mammals of South America should consist prin- 
cipally of Edentates, Llamas, Tapirs, Peccaries, Platyrhine 
Monkeys, and other forms now characterising this continent ; 
whilst those of Australia should be wholly referable to the 
order of Marsupials. On no other view can we explain the 
common occurrence of “ intermediate ” or “ transitional ” 
forms of life, filling in the gaps between groups now widely 
distinct. 

On the other hand, there are facts which point clearly to the 
existence of some law other than that, of evolution, and pro- 
bably of a deeper and more far-reaching character. Upon no 
theory of evolution can we find a satisfactory explanation for 
the constant introduction throughout geological time of new 
forms of life, which do not appear to have been preceded by 
pre-existent allied types. The Graptolites and Trilobites have 
no known predecessors, and leave no known successors. The 
Insects appear suddenly in the Devonian, and the Arachnides 
and Myriapods in the Carboniferous, under well-differentiated 
and highly-specialised types. The Dibranchiate Cephalopods 
appear with equal apparent suddenness in the older Mesozoic 
deposits, and no known type of the Palteozoic period can be 
pointed to as a possible ancestor. The Hippuritidcz of the 
Cretaceous burst into a varied life to all appearance almost 
immediately after their first introduction into existence. The 
■wonderful Dicotyledonous flora of the Upper^ Cretaceous 
period similarly surprises us without any prophetic annuncia- 
tion from the older Jurassic. 

hlany other instances could be given ; but enough has been 
said to show that there is a good deal to be said on both sides, 
and that the problem is one environed with profound difficul- 
ties. One point only seems now to be universally conceded, 
and that is, that the record of life in past time is not interrupted 
by gaps other than those due to the necessary imperfections of 
the fossiliferous series, to the fact that many animals are in- 
capable of preservation in a fossil condition, or to other causes 
of a like nature. All those who are entitled to speak on this 
head are agreed that the introduction of new and the destruc- 
tion of old species have been slow and gradual processes, jn no 
sense of the term “ catastrophistic.” Most are also willing to 
admit that ‘‘ Evolution ” has taken place in the past, to a 
greater or less extent, and that a greater or less I'lumber of so- 
called species of fossil animals are rplly the modified descend- 
ants of pre-existent forms. JTaw this process of evolution has 
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been effected, to what extent it has taken place, under what 
conditions and laws it has been carried out, and how far it 
may be regarded as merely auxiliary and supplemental to some 
deeper law of change and progress, are questions to which, in 
spite of the brilliant generalisations of Darwin, no satisfactory 
answer can as yet be given. In the successful solution of this 
problem — if soluble with the materials available to our hands 
— will lie the greatest triumph that Palaeontology can hope to 
attain ; and there is reason to think that, thanks to the guiding- 
clue afforded by the genius of the author of the ‘ Origin of 
Species,’ we are at least on the road to a sure, though it may 
be a far-distant, victory. 


APPENDIX. 


TABULAR VIEW OF THE CHIEF DIVISIONS 
OF TI-IE ANIMAL KINGDOM. 

(Extinct groups are marked with an asterisk. Groups not represented 
at all as fossils are marked with two asterisks. ) 


INVERTEBRATE ANIMALS. 

Sub-kingdom I. — Protozoa. 

Animal simple or compound ; body composed of “sarcode,” not de- 
finitely segmented ; no nervous system ; and no digestive apparatus, beyond 
occasionally a mouth and gullet. 

Class I. Gregarinida!.** 

Class II. Rhizopoda. 

Order I. Monera.** 

II 2. Amcebea.** 

II 3. Foraminifera. 

^ II 4. Radiolaria (Polycystincs, &c.) 

II 5. Spongida (Sponges). 

Class III. Infusoria.** 

Sub-kingdom II. — Cgelenterata. 

Animal simple or compound ; body-wall composed of two princijral 
layers ; digestive canal freely communicating with the general cavity of the 
body ; no circulating organs, and no nervous system ora rudimentary one ; 
mouth surrounded by tentacles, arranged, like the internal organs, in a 
“ radiate ” or star-like manner. 

Class 1. Hydrozoa. ^ .r 

Sub-class Hydroida (“I-Iydroid Zoophytes )._ Ex. fresh- 
water Polypes,** Pipe - corallines {Tubularid), Sea -Firs 
{Sertularid). 

Sub-class 2. Siphonophora** .('t Oceanic Hydrozoa ). 
Portuguese Man-of-Wftr {PhysaHa), 
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,Stih-class 3. piscophora ("Jelly-fishes ”). Only known as fossils 
by impressions of their stranded carcasses. 

Stib-ciass /if. Lucernarida ("Sea-blubbers”). Also only known 
as fossils by impressions left in fine-grained strata. 

Sub-class 5. * (“ Graptolites ”). 

Class II. Actinozoa. 

Order i. Zoantharia. Ex. Sea-anemones** {Aciintdx), Star- 
corals [Astneides). 

Order 2. Alcyonaria. Ex. Sea-pens {Pemiatula), Organ-pipe 
Coral {Tubipora\ Red Coral {Corallium). 

Ordo- 3. Rugasa ("Rugose Corals”). 

II 4. Ctenophora.** Ex. Venus’s Girdle [CesHm). 

Sub-kingdom III.— Annuloida. 

Animals in which the digestive canal is completely shut off from the 
cavity of the body ; a distinct nervous system ; a system of branched 
" water-ve.ssels,” which usually communicate with the exterior. Body of 
the adult often "radiatCj” and never composed of a succession of definite 
rings. 

Class I. Echinodermata. 

Order i. Crmwte (“ Sea-lilies ”). Ex. Feather-star Coma- 
tula), Stone-lily {Encrinus *). 

Order 2. Blastoidea* (" Pentremites ”). 

II 3. Cjj/j'/o2afe«* ("Globe-lilies”). 

II 4. Brittle-stars”). Ex. Sand-stars (O/H- 

urci), Brittle-stars {Ophiocoma). 

Order 5. Asteroidea (" Star-fishes ”). Ex, Cross-fish ( Urasier), 
Sun-star {Solaster). 

Order 6. Echinoidea ("Sea-urchins”). Ex. Sea-eggs {Echinus), 
Heart-urchins (Spatangus). 

Order Holoihtiroidea (" Sea- cucumbers ”). Ex. Trepangs 
{Holothuria). 

Class II. Scolecida** (Intestinal Worms, Wheel Animalcules, &c.) 
Sub-kingdom IV. — Annulosa. 

Animal composed of numerous definite segments placed one behind the 
other ; nervous system forming a knotted cord placed along the lower 
(ventral) surface of the body. 

Division A. Anarthropoda. No jointed limbs. 

Class I. Gephyrea** ("Spoon-worms”). 

Class II. Annelida (“ Ringed-worms’’). Ex.’LtQchts** {Hirudinea), 
Earthworms** {OligochtEta), Tube-worms [Tubicola), Sea -worms 
and Sea-centipedes {Errantia). 

Class HI. CHjEtognatha** ("Arrow- worms”). 

Division B. Arthropoda or Arliculata. Limbs jointed to the body. 
Class I. Crustacea ^ (" Crustaceans ’’). Ex. Barnacles and Acorn- 
® Kpirripedid), Water -fleas (Ostracoda), Brine - shrimps and 
Fairy-shrimps {Phyllopoda), Trilobites * {Trilobita), King-crabs 
and Eurypterids * {Merostomata), Wood-lice and Slaters [Isopoda), 
{Amphipoda), Lobsters, Shrimps, Hermit-crabs, and 
Crabs {Decapoda). » - 
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Class II. Arachnida. Ex. Mites {Acanna), Scorpions {Pedipalpi), 

Class IIL^Myriapoda.^ Ex. Centipedes {Chilopda), Millipedes and 

Galley-worms , , tt . OAAr 

Class IV. Insecta (“Insects”). Ex. F^eld-bugs , Ciick- 

ets, Grasshoppers, &c. {Orthoptera) ■, Dragon-flies and May-fl es 
(Neuroptera) ; Gnats and House-flies {Diptora)', Buttei flies and 
M.o'da/ {Lepidopkra) ; Bees, Wasps, and Ants {Hymenoptera) , 
Beetles {Cokoptmi). 

Sub-kingdom V. — Mollusca, 

Animal soft-bodied, generally with a hard covering or shell 5 

L.ce. 

Class Tl.^TumcATA** (“ Tunicaries”). Ex. 'Sinp- 

Class III. Brachiopoda (“Lamp-shells ). Ex. Goose-bill L p 

Class SSmellibranchiata (“Bivalves”). Ax Oyster [Ostrca), 
Mussel {Mytilus), Scallop (JlrA-w), Cockle o, 

Class V. Gasteropoda (“Univalves ). Ex. 

Limpets {PateUa), Sea-slugs** (Eons), Land^nails (^2;.. 
Class VL Pteropoda (“ Winged Snails ). ^^v^ 

Class VII. Cephalopoda (“Cuttle-fishes ). f ^ 

Poulpe (Ociopus), Paper Nautilus (Argonmta), Peady Nautilus 
(Nautihls), Belemnites,* Orthoceratites,* Ammonites. 


VERTEBRATE ANIMALS. 

Sub-kingdom VI. — ^Vertebrata. 

Body composed of definite segments arranged 
the other; Aain masses of the nervous system placed doisally, a back- 
bone or “vertebral column ” in the majority. • T amnrevs 

r-V 1 cc T Ptcov? Fidies ”) Ex. Lancelet** (Aniphioxus) , Lanapreys 


Class 


kCklDog-fiSie : R^; & : ^^uoWanM or “ Placoid. 


Cte- 


cmaii,'^*''Netts and ^Salamanders (Urodela), Frogs and Toads 
Class llr^REPTiLiA (“ Reptiles ’T 

Snakes (OpMdial 

Lizard-tailed Birds (Archaopteiyx ), ’ n tQrallatores)-, 

(,mtator.s)-, StoAs. Herons. 

Ostrich, Emeu, Cassowary, a . ^Soos Woodpeckers, 

Ms, Gjme Birds, Hlming- 

Parrots, &c. (Scansores ) ; Crows, otaruug , „ , Vultures 

birds. Swallows, &c. (Insessores) yOvih, Hawks, cagies, 

(Raptor es). 
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Class V. Mammalia (“OuadraDerk”^ ^ i 

Ant-eater (Monoiremaia*^^ 4. ^ and Spiny 

Tasmanian Devil, &c. ( Opossums, 
dillos ; Manate^-^^ Sloths, Ant-eaters, Arma- 

Dolphins, Porpokes(S5;Sri?o^ 
popotamus, PW Camek T i.,!! Hip. 

Sheep, Goats Oxen (TT ^ Oiraffes, Deer, Antelopes, 

Plares, Rafcits'^PoicuinS?’ ■r''™"’ {Carnwora)- 

l2rtfSce‘*Steh?i 

Maca,„es, Babooas, 4 J (e«;SL'r£ 
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Abdomen (Lat. itSiZo, T conceal). The po.sterior cavity of the body, contain- 
ing the intestines and others of the viscera. In many Invertelnates there 
is no separation of the body-cavity into thorax and abdomen, and it is only 
in the higher Annulom that a distinct abdomen can be said to exist. 

Aberrant (Lat. ahen'o, I wander away). Departing from the regular type. 

Abnormal (Lat. ah, from ; norma, a nile). Irregular j deviating from the 
ordinary standard. 

Aorodtjs (Gr, ah'os, high ; odous, tooth). A genus of the Cestraciont fishes, 
so called from the elevated teeth. 

Aorogens (Gr. aAro.9, high; gennao, I produce). Plants which increase in 
height by additions made to the summit of the stem by the union of the 
bases of the leaves. 

Aorotreta (Gr. alcros, high ; treios, pierced). A genus of Brachioioods, so 
called from the presence of a foramen at the summit of the shell. 

Actinocrinus (Gr. aktin, a ray ; krinon, a lily). A genus of Crinoids. 

Actinozoa (Gr. aktin, a ray ; and zodn, an animal), That division of the 
Coslenterata of which the Sea-anemones may be taken as the type. 

-35GLINA {yEgU, a sea-nymph). A genus of Trilobites. 

ASbiornis (Gr. aipus, huge ; ornis, bird). A genus of gigantic Cm-sorial 
birds. 

Agnostus (Gr. a, not: gignosko, I know). A genus of Trilobites. 

Aloes (Lat. aloes, elk). The European Elk or Moose. 

Aleoto (the proper name of one of the Ernies). A genus of Polyzoa. 

Albthoptbris {Gr. alethes, true ; ptens, fern). A genus of Ferns. 

Alo^e (Lat. alga, a marine plant). The order of plants comprising the Sea- 
weeds and many fresh-water plants. 

Alyeolus (Lat. alvics, belly). Applied to the sockets of the teeth. 

Ambltpterus (Gr. amhVus, blunt ; pterm,, fin). An order of Ganoid Pishes. 

Ambontohia (Gr. ambdn, a boss ; onias, claw). A genus of Palaeozoic Bi- 
valves. 

Ambulacra (Lat. ambulacrum, a place for walking). The perforated spaces 
or avenues ” through which are protruded the tube-feet, by means of which 
locomotion is effected in the Eohmodermata. 

AMMONiTiDiB. A family of Tetrabranchiate Cephalopods, so called from the 
resemblance of the shell of the type-genus, Ammonites, to the horns of the 
Egyptian God, Jupiter- Ammon. 

Amorrhozoa (Gr. a, without ; morphe, shape ; zoSn, animal). A name some- 
times used to designate the Sponges. 

Amphibia (Gr. am,phi, both ; bios, life). The Frogs, Newts, and the like, 
which have gills when young, but can always breathe air directly when 
adult. 

Amphioyon (Gr. ampld, both— implying doubt; huon, dog). An extinct 
genus of Gartwoora. 
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’ lestes, a tliief). A genus of Jiirassic Mara- 

both; spoggos, sponge). A genus of Silurian 

Amphistegina (to. «m 2 Ai,_both ; stegi, roof). A genus of Foraminiferci, 

' tliei'ion, beast). A genus of Jurassic Mam- 

AMPHiTRAGULirs (Gr. aniphi, both ; dim. of tragos, goat). An extinct genus 
related to the living Musk-deer. ^ > o j & 

^PLUxus (Lat. an embrace). A genus of Eugose Corals. 

AMPrx (Gr. wnipwx^ a wreath or wheel). A genus of Trilobites. 
Anarthropoda (to. a. without ; arthras, a joint ; pous, foot). That division 
or Amiulose animals in which there are no articulated appendages. 
ANCHlTHBRiUit (Gr. agchi, near ; therion, beast). An extinct genus of Mammals. 
ANCYLOOERAs {(jT.ag1c.ulos, crooked ; ccras, horn). A genus of Ammonitida\ 
ANOYLOTHERIUM (Gr. agkulos, crooked ; therion, beast). An extinct genus of 
Edentate Mammals. 

^ b^ms ^ <^'>^drias, image of man). An extinct genus of tailed Ampibi- 

Angiosperms (Gr. angeion, a vessel ; sperma, seed). Plants which have their 
seeds enclosed in a seed-vessel. 

Annelida (a Gallicised form of Annulata). The Binged Worm.s, which form 
one 01 the divisions of the /UmHliTopoda. 

Annulaeia (Lat. anmilus, a ring). A genus of Palaeozoic plants, with leaves 
in whorls. 

Anndlosa (Lat. annulus). The sub-kingdom comprising the Anarthropoda 
ana tbe Arthropoda or Articulata, in all of which the body is more or less 
evidently composed of a succession of rings. 

ANfiMODONTiA (Gr. ano/Hos, irregular; odom, tooth). An extinct order of 
Eeptiles, often called Dicy'twdontict. 

ANmitURA (Gr. anomos, irregular ; oitm, tail), 
of which the Hennit-crab is the type. 

^ imaimed ; ther, beast). A family of Tertiary 

■'"thout ; owra tail). The order of Amphibia comprising the 
"which the adult is destitute of a tail. Often called 

Antenn.® (Lat. anfflwnra, a yard-arm). The jointed horns or feelers possessed 
by the majority of the Articidata. 

tlie^Civ^facm™' Applied to the smaller pair of anteiinfe in 

^ dont^mpldbianP^' lizard). A genus ofLabyr-intho- 

paZosmon, a prawn— originally a proper 
of long-tailed Crustaceans from the Coal-measures. 

of the Deer tribe {Cervidce), but 

generally applied to the entire horns. 

"^“Sr^raSmites.’^"^’'^"’ ^ Crinoids-the 

Aqueous (Lat. arpia, water). Formed in or by water 

oomjnsmg 

Arborescent. Branched like a tree. 

2 oio gems of Sel-lrcS'mfJdrfS'to'A ^ 


A tribe of Decapod Crustacea, 
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Auctocyon (Gr. arctos, bear ; laion, dog). An extinct genus of Carnivora. 

Arenaceous. Sandy, or composed of grains of sand. 

Aeenioolites (Lat. arena, sand ; colo, I inhabit), A genus founded on bur- 
rows supposed to be formed by worms resembling the living Lobworms 
(Arenioola). 

Articolata (Lat. articulus, a joint). A division of the animal kingdom, com- 
prising Insects, Centipedes, Spiders, and Crustaceans, characterised by the 
possession of jointed bodies or jointed limbs. The term Arthropocla is now 
more usually employed. 

Artiodactyla (Gr. artios, even ; daUulos, a finger or toe). A division of the 
hoofed quadrupeds ( Uiicjiilata) in which each foot has an even number of 
toes (two or four). 

Asaphus (Gr. amphes, obscure). A genus of Trilobites. 

Ascoceius (Gr. askos, a leather bottle ; keros, horn). A genus of Tetrabran- 
chiate Cephalopods. 

Asiphonate. Not possessing a re.spiratory tube or siphon, (Applied to a 
division of the Laimllibrnnehinte Molluscs.) 

Asteroid (Gr. aster, a star;, and eklos, form). Star-.shaped, or possessing 
radiating lobes or rays like a star-Iish. 

Asteroidea, An order of Jichinodermata, comprising the Star-fishes, charac- 
terised by their rayed form. 

Asterophyllites (Gr. aster, a .star ; plmllon, leaf). A genus of Palaeozoic 
plants, with leaves in whorls. 

AsTRiEiDiE (Gr. Asirtm, a proper name). The family of the Star-corals. 

Astylospongia (Gr. a, without ; stulos, a column ; spnrjfjos, a sponge). A 
genus of Silurian Sponges. 

Athyris (Gr. a, without ; thura, door). A genus of Brachiopods. 

Atbypa (Gr. a, without ; trupa, a hole). A genus of Brachiopods. 

Aves (Lat. avis, a bird). The class of the Birds. 

Avicula (Lat. a little bird). The genus of Bivalve Molluscs comprising the 
Pearl-oysters. 

Asophyllum (Gr. axon, a pivot; phxdlon, a leaf). A genus of Rugose 
Corals. 

Azoic (Gr. a, without; eoS, life). Destitute of traces of living beings. 

Bactjlites (Lat. haculum, a staff). A genus of the Ammoivitidce, 

Balibna (Lat. a whale). The genus of the Whalebone Whales. 

Baxanidie (Gr. lalanos, an acorn). A family of sessile Cirripedes, commonly 
called “ Acoru-.shells.” 

Batrachia (Gi-. Intrachos, a frog). Often loosely applied to any of the Am- 
phibia, but sometimes restricted to the Amphibians as a class, or to the 
single order of the Anoura. 

BELEMNiTiDiE (Gr. hdevinon, a dart). An extinct group of Dibrauchiate Ceph- 
alopods, comprising the Belenmites and their allies. 

Belemnoteuthis (Gr. helemnon, a dart ; teuthis, a cuttle-fish). A genus alhed 
to the Belenmites proper. 

Beeinurus (Gr. betas, a dart ; otora, tail). A genus of fossil King-crabs. 

Belt,erophon (Gr. proper name). A genus of oceanic Univalves {Eeteropoda). 

Bbeotedthis (Gr. betas, a dart ; teuthis, a cuttle-fish). An extinct genus of 
Dibrauchiate Cephalopods. 

Beyrichia (named after Prof. Beyrich). A genus of Ostracode Crustaceans. 

Bilateral. Having two symmetrical sides. 

Bimana (Lat. bis, twice ; mantis, a hand). The order of Mammatia compris- 
ing man alone. 

Bipedal (Lat. 6 m, twice ; jies, foot). Walking upon two legs. 

Bivalve (Lat. bis, twice ; vatvai, folding-doors). Composed of two plates or 
valves ; apjplied to the shell of the Latnellibranchtata and Brachiopoda, and 
to the carapace of ceidain Crustaem. _ , . rt i ■ 

Blastoidea (Gr, blastas, a bud ; and eidos, form). An extinct order of Mcliv- 
nodermata, often called Pentremiies. 

Brachiopoda (Gr. bracMon, an arm ; pous, the foot), A class of the Moltus- 

26 
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coida, often called “Lamp-shells,” characterised hy possessing two fleshy 

arms continued from the sides of the mouth. r- b .y 

S!!’ i’r-f ?■’ ^ Decapod Crusta- 

ceans with short tails {i.e., the Crabs). 

■^prfsinrtlfe SlShs^’’“'^'“’ Edentata com- 

®Sathe'ai?dis5S’in^^^^ ^ ^ ^^^P^^tory organ adapted to 

Branchiate. Possessing gills or branchiaj. 
g™ rfTrUoWtef'’ tliunder-an epithet of Jupiter the Thunderer). A 

^UnSeCrlSi^ 

animal). A genus founded on the 
of the Tnassic Sandstones of Connecticut, 
tfe Whelks a trumpet). The genus of Univalves comprising 

Oainozoic [See Kaino 2 oic. ) 

^ ^ ’^®ed). Extinct plants Avith reed-like stems, he- 

r . r m f representatives of the Eqxdsetaceic. 

r«'i ^oriiposed of carbonate of lime. 

So4 is cSined.“ " coralligenous Zoophyte (Ac 

nt^'vv^T® concealed). A genus of Trilobites. 

SmifS!’ ^ cup-shaped body of a Crinoid [EcUno- 

chamber; jpKero, I can-y), A genus of Brachio- 

the^uSaff™^ ^ ; S>aTdaUs, a panther). The family 

^^rSaced^af f°^i eye-tooth of Mammals, or the tooth which 

and’mSvttC rtw ,-^PPhed to the upper shell of Crabs, Lobsters, 

which the bndv nf •, nj'per half of the immovable case in 

wmen tiie body of a Chelonian is protected. 

cSmo^iTpov^in''' rough ; odoiis, tooth). A genus of Sharks. 

from the cSlSeasiS!'"’ ’ ^ 

^^e^C^kks' , The gmus of Bivalve Molluscs comprising 

Caentvora ILat earn Gardita have the same derivation. 

The “Beasts of Prey ” ^ ^®'^°^’r). in order of the Mammalia. 

^SSrts'tat-hfchaei?™’''' 57“’ * l”")- The ■'iollow-liorned" 
rouS “horn.core” sva- 

^ eSaSmis.^^^’ ^ ^ scrimp). A genus of Phyllopod 
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GebaTites (Gr, kcfan, a lioru). A gonns of AmmnUida> 

Oebatodus (Gr. ksms, a liorn ; odmis, tootli). A gentis of Bipiioous flshea. 

Cervical (Lat. cervix, the neck). Connected with or lielonging to the region 
of the neck. 

CERViDir3 (Lat. cervuc, a stag). The family of the Deer. 

Cestbaphori (Gr. kestra, a weapon ; phei'o, I carry). The group of the “Ces- 
traciont Fishes,” repre.sented at the present day by the Port-Jackson Shark ; 
so called from their defensive .sjnnes. 

Cetacea (Gr. kstos, a whale). The order of MammaLs comprising the Whales 
and the Dolphins. 

Getiosaurus (Gr. ketos, whale ; saura, lizard). A genus of Deinosaurian 
Reptiles. 

Cheiroptera (Gr. cheir, hand ; ptermi, wing). The Mammalian order of the 
Bats. 

OHEniOTHERlUM (Gr. ciim'r, hand ; therion, hea.st). The generic name applied 
originally to the hand-shaped footprints of Labyrinthodonts. 

Oi-IEIRURITS (Gr. cheir, hand ; onra, tail). A genus of Triloliites. 

Chelonia (Gr. chekmi, a tortoise). The Reptilian order of the Tortoises and 
Turtles. 

Chonetes (Gr. cJmii or clioan6, a chamber or box). A genus of Brachiopods. 

CiDABiB (Lat. a diadem). A genus of Sea-urchins. 

Cladodhs (Gr. klados, branch ; odmm, tooth). A genus of Pishes. 

Clathropora (Lat. clathri, a trellis : par us, a pore). A genus of Lace-corals 
{Polyzaa). 

Clisiophyllum (Gr. klision, a hut ; phullon, leaf). A genus of Rugose Corals. 

Clymenia ( Olumene, a proper name). A genus of Tetrabranchiate Cephalopods. 

CoccosTEUS (Gr. koMcus, berry ; osteon, bone). A genus of Ganoid Fishes, 

CooHLiODDS (Gr. kochlion, a snail-shell ; odous, tooth). A genus of Cestra- 
ciont Fi.shes. 

OosLENTERATA (Gr. koilos, hollow ; enteron, the bowel). The sub-kingdom 
which comprises the Jlydrozoa and Actinozoa. Proposed by Frey and 
Leuekhart in place of the old term Jiadiata, which included other animals 
as well. 

CoLEOPTERA (Gr. kolcos, a sheath ; pteron, wing). The order of Insects 
(Beetles) in which the anterior pair of wings are hardened, and seiwe as pro- 
tective cases for the posterior pair of membranous wings. 

COLOSSOCHELYS (Gr. kolossos, a gigantic statue ; chelus, a tortoise). A huge 
extinct Land-tortoise. 

CoMATULA (Gr. koma, the hair). The Feather-star, so called in allusion to its. 
tress-like arms. 

Condyle (Gr. kondidos, a knuckle). The surface by which one bone articulates; 
with another. Applied especially to the articular surface or surfaces by 
which the skull articulates with the vertebral column. 

CONiFERiB (Lat. co7ms, a cone ; fero, 1 carry). The order of the Fins, Pinesj, 
and their allies, in which the fruit is generally a “ cone ” or “ fir-apple.” 

CoNTJLARiA (Lat. comdus, a little cone). An extinct genus of Pteropods. 

COPROLITES (Gr, kopros, dung ; Uthos, stone). Properly applied to the fossil- 
ised excrements of animals ; but often employed to designate phosphatic con- 
cretions which are not of this nature. 

CoRALLiTE. The corallum secreted by an Actinozoon which consists of a single 
polype ; or the portion of a composite corallum which belongs to, and is 
secreted by, an individual polype. . - . 

Corallum (from the Latin for Red Coral). The bard structures deposited in, 
or by, the tissues of an ActinozoSn — commonly called a “ coral.” 

Coriaceous (Lat. conwm. hide). Leathery. 

'CORYPHODON (Gr. korus, helmet; oitojts, tooth). An extinct genus of Mam- 
mals, allied to the Tapirs. . . . , . , 

Cranium (Gr. kranion, the skull). The bony or cartilaginous case m which 
the brain is contained, , . 

Cretaceous (Lat. creta, chalk). The formation which m Europe contams 
white chalk as one of its most conspicuous members. 
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Cr3)f ^ Articulate animals, comprising 

■^vSfcvttSSSif '‘^ *"' »' “ ” 

ta^SaifoiS' rf ?™m“V' ""'"■ "■»«")■ A division of ptals 

floTO ^ reproduction are obscure and there are no true 

a thorn). A genius of fossil fishes, 

Applied to those scales of fishes 
Cnnsom? LS. St, I Sf ‘Tn S ^f ) projections, 

of the power of fliLdit 1 i- r^t?, i r ^ ““'Prusing birds destitute 
and Emeu). ” ^ ^ * foniied for running vigorously (e.g., the Ostrich 

CyATHotmiNur/Gr^ pointed eminences or “ cusps,” 

Corals. ' ^ l-uathos, a cup ; phullon, a leaf). A genus of Rugose 
^ whfch & a s«*i’es of fi.shes 

<«"■ •”hi'.'?S;SS,: i"‘!: T'sirs'w 

Copies. Semts of Univalve^Molluses comprising the 

CAiSopwl?' crooked; keras, honi). A genus of Tetrahranchiate 

^'coials!”^'''' ^ l^ladder a leaf). A genus of Rugose 

extiMfir£ro?Sf«ocfm?M^^^^ “ Clobe-crinoids,” an 

^tfeJotJreei^"’ ^ extinct genus of Con- 

The division of (7ri«.ace« which have 
cephalic prSsLs. ^ Cuttle-hshes, in which there are ten arms or 

during "thelife of the^anim^aL°^’ "’^^ch fall off or are shed 

DEmosAUBiA (Gr. deinas, terrible ; sraira, lizard). An extinct order of Rep- 

An extinct genus of 

D™aHAPms (Gr. .fenrfro., tree ; I ^ 

""“mk f-l-^'^terplants, of a green colour, without a siliceous 

provided wit^Slicmu^envelopIs!'^’ minute plants which are 

(coraprising\h?Cuttfo-lSiet! &^rfo^SiA?nlv tio Cejjhctlopoda 

Diceras (Gr. dis, twice ■ keraJ hnrni ^ only two gills are present. 
Digttonema (Gr. dmmn,& nefo mlm IhrSf Bivalve Molluscs. 
goa (?). ■ ’ ’ thiead). An extinct genus of Poly- 
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Dioynodontia (Gi'. dis, twice ; kmn, dog ; oduiis, tooth). An extinct order of 
Reptiles. 

Didymograptus (Gr, didmnos, twin ; yrapho, I write). Agemnsof Graptolites. 
Dimorphodon (Gr. dis, twice; nwi^M, shape; odous, tooth). A genus of 
Ptero.sauriau Reptiles. 

Diniohthys (Gr. deinos, terrible ; ichthm, lish).^ An^extinct geiras of Pishes 

DmooERAS ’ ‘ ‘ - 

Dinophis 

' Dinoenis ^ , 

Diplograptus (Gr. diplos, double ; tjmpho, I write). A genus of Graptolites. 
Dipnoi (Gr. dis, tAvice ; pnM, breath). An or<ler of Fishes, comprising the 
Mud-lishes, so called in allusion to their double mode of respiration. 
Diprotodon (Gr. dis, twice ; protos, first; odous, tooth). A genus of extinct 
Marsupials. 

Dipteha (Gr. dis, twice ; ptcron, Aving). An order of Insects characterised 
by tlie possession of two Avings. 

Discoid (Gr. diskos, a quoit ; eidos, form). Shaped like a round plate or 
quoit. 

Dolomite (named after M. Doloniieu). Magne.sian limestone. 

DoRSAL'(Lat. dorsum, the bade). _ Connected Avith or placed upon the back. _ 
Dromathbrium (Gr. dromaios, nimble ; thSrion, beast). A genus of Triassio 
Mammals. _ , . j> 

Dryopithecds (Gr. drus, an oak ; pithekos, an ape). An extinct genus 01 
Monkeys. 

Eohinodermata (Gr. eckinos ; and derma, skin). A class of animahs com- 
prising the Sea-urchins, Star-iishes, and others, nu).st of which have spmy 
skins. , „ „ , . , 

Echinoidea (Gr. ochinos ; and eidos, form). An order of Echinodermata, com- 
prising the Sea-urchins. ■ -j 1, 1 

Edentata (Lat. e, Avithout ; dens, tooth). An order of Mammalia often caheci 
Bruta. T ^ j 

Edentulous. Toothless, Avithout any dental _ apparatus. Afiplied to the 
mouth of any animal, or to the hinge of the Bivalve Molluscs. . , 

Elasmobranchii (Gr. elasma, a plate; bragehia, gill). An ordei’ of lushes, 
including the Sharks and Rays. . , 

Enaliosaurta (Gr. (’na/hw, marine ; saura, lizard). Sometimes employed as 
a common term to designate the extinct Reptilian orders of the jehtkyosauna 
and Plcsiosauria. ^ 

Eocene (Gr. eos, daAvn; kainos, new or recent). The lowest divmion of the 
Tertiary rocks, in which species of existing shells are to a small extent 
TG131'6S61i1j6cL 

Eofhyton (Gr. eos, daAvu ; phuton, a plant). A genus of Cambrian fossils, 
supposed to be of a vegetable nature. „ , , , , 

Eozoon (Gr. eos, dawu ; zoon, animal). A genus of chambered calcareous or- 
ganisms found in the Laurentian and Hvironian formations.^ 

Equilateral (Lat. ceguus, equal ; laiits, side). Having its sides equal. Gsu- 
. ally applied to the shells ol t\\B Brachiopoda, When applied to the spiral 
shells of the BovavvinifeTa, it means that all the convolutions ol the shell lie 

in the same plane. . , , . i. n j. „ 

Equisetaceie (Lat. equiis, hoi’se ; seta, bristle). A group of Cryptogamous 
plants, commonly known as “Horse-tails.” ^ - n i-i 

Equia'^alve (Lat. wquus, equal ; vah'ie, folding-doors). Applied to .shells which 
are composed of two equal pieces or valves. . w., 

Errantia (Lat. erro, I wander). An order of Annelida, often called A ereiaea, 
distinguished by theii' great locomotive poAA^ers. ^ tt • i 

Euomphalus (Gr. eu, well ; omphalos, navel). An extinct genus of Univalve 

Euryptbrida (Gr. ewrus, broad ; pteron, wing). An extinct sub-order of (Anzs- 

Bsostea (Gr. exo, outside ; gwros, circle). An extinct genus of Oysters. 
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Fauna (Lat. Fauni, the rural deities of the Romans). The general assemWaffP 
of the animals of any region or district. ^ ‘i^bciniiiagc 

-A geniis of Tahnlate Corals. 

ol mSS “ “““ “ I"'-”'*." « si-oip 

of Cryptogamic plants comprising the 

FfonT^f nf ^ Thread-shaped. 

““™>- e'"™' oi tie 

Foraminipeha (Lat. foramen, an aperture ; fcro, I carry). An order of Pro 

P,?anfS« ’S”;' 

SDLINA (Lat. Sums, a spindle). An extinct genus of Foraminifera. 

^^hich splendour brightness). Applied to those scales or plates 

Oanoibei. An order of Fishes* 

compiL?ngft?orrto class of the Mollusca 

o w, ® , & ™e oiumaiy Lmvalves, ui which locomotion is usuallv effected Tiv 

t\i^ Rydrozoa ^ ^ ^ sub-class of 

®irsT.&rri;rSi 

^(1;™™.™ ““ ' *“”“>• -^" e““ »' Sea-cows 

HSoPHSw*?r”‘r"i-r‘"'i’,- ^Ssmsot&iAmmtnvUid^. 

SS “ “"*■ *"”; P""”. 1»«0- A geaus of Eogise 

A" erftoot g.B»» of 

anterior wl?jSo'n“tfaS?°5eMlyta 't“ 

An«tlnctg.nn, . 

^lX™“t?insS,;lsrS’cot'i‘^ *” t>“ “ “f ' 

Heteropoda (Gr. hetans diveiNc- ,, ™®q’^»'Gobes. 

Ga.steropods, in which the foot is m^o'dffied^^aW^L^^^^ 

Hipparion (Gr. hijyMirimi, a little horsT A-^ ™ ^ swimming organ. 

ruped.s-the - PdySo^er” ’ ^ ^ Qnad- 

An extinct family of Bivalve 

^SS-sf’’- ^"-kle). .tn extinct genus of 

whl-h the a™rt\m^ Sr ^ of Oasteropodous 

HolotWoidea (Gr. £S”on Sn Sj" or “ entire.” 

mtftfls comprising the Trepangs. ^ rfo.s, form). Anprder of AicAmocf®-- 
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Homoceroal (Gr. homos, same ; 

when it is syniinetrmal, or A croui) of Fishes of which 

Hybodonts ^Gr. huhos, curved; odoiis, tooth). A group 

FZ3/6o6toA' is the type-genus. The suh-class of the Hydnuoci, 

Hydroida (Gr. hudra; and eidos, ; 
which comprises theauimals ^ "KasrofS^^^^ 

„a„ 0 , B.- 

=IS“S K\nd;'r.j™^™wacil ly Wpoaaaasi.. ot f»„ 

membranous wings. 

ICHTHYODORULITE (Gr. ichtkus, fish ; dorus, spear , Uthos, stone). The f 

iin-spine of Fishe^ . . extinct order of Reptiles. 

ICHTHYOI’TERYGIA (Gr. icMhus j jKfirp:, wx ig; Q.R11US of Birds. 

ICHTHYORNIS (Gr. wMhus.h'sXx) gYnonvinous with Ichthyop- 

ICHTHYOSAURIA (Gr. ickthus J saura, lizaid). bynonyinous w r 

la'SoMl. ( 7 j«o»», a living Itel i Gv- odm, tooUi). A gnmis ot Deinoanu- 

tam “tt?'*®*, I ontl. Tl» ““■« SS?ta 

ld.!=rCc'dX?X:iW .^elnctgonns ot 

INOOBRAMUS (Gr. is, \ fibre ; keramos, an earthen vessel). An exun g 

Bivalve Molluscs. . „ articulate animals commonly 

INSECTA (Lat. inseco, 1 cut into). The class 01 ameiuiuo 

hnown as Insects. . y .lAvnnrl An order of Mammals. 

INSECTIVORA (Lat. insectum, an insect ; von, I devour). An oraei 

Insectivorous. Living upon Insects. perching Birds, often 

INSESSORES (Lat. insedeo, 1 sit upon). The oicier 01 rue i: 5 

called Passeres. . j^chmoid which are not per- 

INTERAMBULAORA. The rOWS ^ Pl^res lu a 

forated for the emission of the „„ .^^ieh are situated between 

INTERMAXILLIE or PRiF, MAXILLA. The two ™f^^sonie monkeys, the 

the two superior maxillro m J „ ^s to be irrecognisable in the 

pr^maxillfE anchylose with the maxillee, so as ro s 

ndiilt. , 7„,„ n hn-nn of the back). Animals 

INVERTEBRATA (Lat. in. Without; verlelna, 

without a spinal column oX^ackbone. Crustacea in which the 

ISOPODA (Gr. isos, equal ; podes, feet). An oruei ua 
feet are like one another and equal. 

Kainozoio (Gr. kainos, 

(Ut atarf). A« order of oompriemg tie L.r- 

ards and Slow-worms. . WcMa, giU). Tlie class of 

Lamellibranchiata (Lat. lamlla, ®' FX ’ characterised by the possession 
PMlusca comprising the ordinary bivalves, charaueuseu 

leaves. 
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LEPmoPTimA (Gr. lepis, s, scale; pteron, a whig). An order of Insects com 
pnsmg Butterflies and Moths, characterised by possessing four wS’wSh 
are usually covered TOth minute scales. ^ 

Lepidosiken ( Gr. Upis a scale ; seireii, a siren— the generic name of the Mud- 
fishes ” A genus of Dipnoous fishes, comprising the “ Mud- 

Lepidostrobus (Gr. lepis, a scale ; strobilos, a fir-cone). A genus founded on 
the cones of Lcpuludendnm. j t, .tuuaueu on 

LEPTyEN.A. (Gr. leptos, slender). A genus of Brachioiiods. 

T vmmnr ^ ^^**’*^ tongue). A geiius of Brachiopods. 

imnCha, thorn or spine). An ex- 
An extinct genus of 

^^EdenSr^™ l^east). An' extinct genus of 

^^^Se Sieh"youS”"“’ 

Mandible (Lat. mandibulum, a iaw). The nnner rniv nf lourn- n, Tv,e..,..+., . 
applied to one of the pairs of jaws in Crustacea and Spfder.s, to the hek of 
Cephalopods, the lower jaw of Vertebrates, &e. 

integument of most ’of the Mollusca, which is largely 

MtRs?piBRtiSui^?P^’ Vertebrates. 

a pouch ; hrutjchia, gill). The order of 
MfRsopuLi'wLit^,?® Hag-Jishes and Lampreys, with pouch-like gills.^ 

^ of Mammals in which tho 

Mastodon iOr "mnafni .*’'*^^°nunal pouch in which the young are carried, 
ine MammalL ’ “Wie ; odous, tooth). An extinct genus of Elephant- 

^^SnSs. An extinct genus of Edentate 

A genus of Deinosaurian 

An extinct genus of 

mSSstS'(& The Secondary period in Geology. 

Mammals. ^ ^ extinct genus of Triassic 

a pore). ’ A genus of ” Tabulate 

mSS Lat ’a mni) , The Middle Tertiary period. 

" Propi'the AjyL^the^yii^ which includes the Shell-fish 

generally .soft nature of their hoik-s. ^ Lamp-shells ; so called from the 

* lower division of the Mol- 

MoNOGR iPTils (fir and Brachiopoda. 

Mtlodox (Gr. milos, a‘n^^“So’nsnSli) ^ Graptolites. 

Mammals. ’ An extinct genns of Edentate 

f“‘)- A d.s. 

their numerous feet. ^ entipedes and their allies, characterised by 
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NaTATORES (Lat. nare, to swim). The order of the Swimming Birds. 

Natatory (Lat. nars, to swim). Formed for swimming. 

Nautiloid. lie.seml)ling the shell of the Nautilus in shape. 

1Tervuh.es (Lat. ucrvus, a sinew). The rihs which support the memhi’anous 
■wings of insects. 

NeuRoptera (Gr. neuron, a nerve j pteron, a wing). An order of Insects char- 
acterised by four momhraii.O'as "wings with numerous reticulated nervures 
(e.g., Dragon-flies). 

NBXJiiorTERis (Gr. neuron, a nerve ; <pteris, a fern). An extinct genus of 
Ferns. 

Nothosaurits (Gr. nothos, spurious; saura, lizard). A geuus of PZeszosa'wrfaji 
Reptiles. 

Notochord (Gv.notus, hack ; chorde, .string). A cellular rod which is devel- 
oped in the embryo of Vertebrates immediately beneath the spinal cord, and 
which is usually replaced in the adult by the vej’tebral column. Often ’it is 
spoken of as the “ chorda dorsalis.” 

Nudiruanohiata (Lat. nud^is, naked; and Gr. hragchia, gill). An order of 
the GaoUmrpoda in which the gills are naked. 

Nummulina (Lat. nuinmis, a coin). A genus of Foraminifera, comprising the 
coin-shaped “ Nummulites.” 

Obolella (Lat. dim. of oholus, a small coin). An extinct genus of Brachio- 
pods. 

Occipital. Connected with the occiput, or the back part of the head. 

Oceanic. Applied to animals which inhabit the open ocean ( = pelagic). 

Odontoptehyx (Gr. odous, tooth ; pterux, wing). An extinct genus of 
Birds. 

Odontornithes (Gr. odcnis, tooth ; omis, bird). The extinct order of Birds, 
comprising forms with distinct teeth in sockets. 

Oligooene (Gr. oUgos, few; kamos, new). A name used by many Continental 
geologists as synonymous with the Lower Miocene. 

Ophidia (Gr. ophis, a serpent). The order of Reptiles comprising the Snakes, 

Ophiuroidea (Gr aphis, snake ; oura, tail ;■ eidos, form). An order of Echino- 
dermata, comprising the Brittle-stars and Sand-stars. 

Ornithoscelida (Gr. omis, bird ; sMos, leg). Applied by Huxley to the 
Deinosaurian Reptiles, together with the genus Compsognaihus, on account 
of the bird-like character of their hind-limbs. 

Obthis (Gr. orthos, straight). A genus of Brachiopods, namedin allusion to the 
straight hinge-line. 

OBTHOCERATiDiE (Gr. orihos, straight ; keras, horn). A family of the Nau- 
tilidie, in which the shell is straight, or nearly so. 

Obthoptera (Gr. orthos, straight ; pterm, wing). An order of Insects. 

OsTEOLEPis (Gr. osteon, bone; lepis, scale). An extinct genus of Ganoid 
Fishes. 

OsTBACODA (Gr. ostrakon, a shell). An order of small Crustaceans which are 
enclosed in bivalve shells. 

Otodus (Gr. Ota, ears ; odous, tooth). An extinct genus of Sharks. 

OuDENODON (Gr. ouden, none ; ocfows, tooth). A genus of Dicynodont Rep- 
tiles. 

OviBOS (Lat. ovis, sheep ; bos, ox). , The genus comprising the Musk-ox. 

Pachydermata (Gr. pachus, thick ; derma, skin). An old Mammaliau order 
constituted by Cuvier for the reception of the Rhinoceros, Hippopotamus, 
Elephant, &c. 

PALA3ASTER (Gx. palaios, ancient ; aster, star). An extinct genns of Star- 
lishes. _ 

PALiEOCAUis (Gr. palaios, ancient ; haris, shrimp). An extinct genus of Deca- 
pod Crustaceans. 

Pal.®olith(C (Gr. palaios, ancient; Uthos, stone). Applied to the rude stone 
implements of the earliest known races of men, to the men who made these 
implements, or to the period at which they were made. 
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PALiEONTOLOGY (Gr. palaios, ancient ; and logos, discourse). The science of 
iossil remains or of extinct organised heiiigs. 

PALiEOPHis (Gr. palaios, ancient ; ophis, serpent). An extinct genus of 
Snakes. 

Pau^osaurus (Gr. falwios, ancient j saura, lizard). A genus of Thecodont 
Reptiles, 

^^Ungulat^™^ heast). A group of Tertiary 

Pal-eozoic (Gr. palaios, ancient ; and zoe, life). Applied to the oldest of the 
great geological epochs. 

Paradoxides (Lat. paradoonss, marvellous). A genus of Trilohites. 

Patagium (Lat, the border of a dress). Applied to the expansion of the in- 
tepment by which Bats, Flying Squirrels, and other animals support them- 
selves in the air. 

Pecopteris (Gr. peJco, I comb ; pteris, a fern). An extinct genus of Ferns. 

^^Scdlop.' ^ genus of Bivalve Molluscs comprising the 

9°“^ected with, or placed upon, the chest. 
EisTACRiNus (Gr. peiita, five ; krmon, lily). A genus of Orinoids in which 
the column is five-sided. 

sxtinct geuus of Bracliiopods. 
m aperture). A genus of Blastoidea, so 

lameil m allusion to the apertures at the summit of the calyx. 

perpetual ; Gr. bragchia, gill). Applied 
totnose A?;ip/uiiain which the gills are permanently retained throughout 

^ Kotos' a’' ™ even ; daktulos, finger). Applied to those 
Hoofed Quadrupeds [Ungulata) in which the feet have an uneven number of 

Petaloid. Shaped like the petal of a flower. 

Putr^AwS W the eye). A genus of Trilobites. 

The small bones composing the digits of 

PH?N-F^uiGtv^ fpf Normally each digit has three phalanges. ® 
thfomanf nf “^rriage). Plants which have 

PHlRYVcnnuAVGu r lA and which bear true flowers. • 

Mammals ^ a beast). A genus of 

andyjm«, foot). An order of Gmstocea. 
cesses. ■ ^ feather); Feather-shaped; or po.ssessing lateral pro- 

ealled Walruses, adapted for an aquatic life. Often 

"■“XS «i “rt. «>y«. 

head. rransierse, and is placed on the under surface of the 

PmlTYtmrNcs fGk'^^SS^^?^(^^^ A genus of Univalve Molluscs. 

Pi.ATyRHi.N-A f&Syrbroad A ^ of Crinoidea. 

^iTYSOHUs {Gv. plains, vride-’soma bodv^^H' ^ fhe ^dramajia. 

Pleistocene (Gr.>feisfos mok A ^ems of Ganoid Fishes. 

with “Post'piioS!” ^ ’ as synonymous 
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Pletibotomaria (Gr. pleura, the side j tom^, notch). A genus of Univalve 
shells. 

Pliocene (Gr. pleion, more ; kainos, new). The later Tertiary period. 

PXjIopitiieous (Gr. pleion, more ; pithekos, ape). An extinct genus of Monkeys. 

Pliosaubus (Gr. pleion, more ; saura, lizard). A genus of Plesiosanrian 
Reptiles. 

POLYCYSTINA (Gr. polus, many ; and l-mtis, a cyst). An order of Froioma 
with foraniinated siliceons shells. 

PoLYPABY. The hard chitinous covering secreted hy many of the Ilydrozoa. 

Polype (Gr. polus, many ; pmus, foot). Restricted to the single individual of 
a simple Aleimos'fwa, such as a Sea-anenione, or to the separate zooids of a 
compound Aotinozorm. Often applied indiscriminately to any of the Oalm- 
terata, or even to the Folyzoa. 

POLYPOBA (Gr. polus, many; paros, a passage;. A genus of Lace-corals 
{FenesteUidiv). 

POLYTHALAMOUS (Gr. polus j aud thalcwws, chamber). Having many chambers ; 
applied to the sliells of Foy'umiwifcra and Cephcdopoda. 

PoLYZOA (Gr, polus; and saiin, animal). A division of the Molluscuida com- 
prising compound animals, such as the Sea-mat — sometimes called Bryozoa. 

POBIFEHA (Lat. forus, a pore ; and fero, I carry). Sometimes used to desig- 
nate the Foraminifera, or the Sponyes. 

PBiBMOLARS (Lat. pjTcc, l)Gfore ; moldres, the grinders). The molar teeth of 
Mammals which succeed the molars of the milk-set of teeth. In man, the 
bicuspid teeth. 

Pkoboscidea (Lat. prohoscis, the snout). The order of Mammals comprising 
the Elephants. 

Pkooceious (Gr. yra, before ; koilos, hollow). Apiolied to verteliro) the bodies 
of which are hollow or concave in front. 

PnonucTA (Lat. produckis, drawn out or extended). _ An extinct genus of 
Brachiopods, in which the shell i.s “eared,” or has its lateral angles drawn 
out. ... 

PitOTioHNlTiss (Gr. lii’st ; icimos, footprint). Applied to certain im- 

pressions in the Potsdam sandstone of North America, believed to have 
been produced hy large Crustaceans. 

Protophyta (Gr. proto's ; and phuton, plant). The lowest division of plants, 

Protoplasm (Gr. jMvko.s; and idasso, I mould). The elementary basis of or- 
ganised tissues. Sometimes used synonymously for the “ sarcode ” of the 
Frotozoa. 

Protoeosaubus or Protebosaueus (Gr. protos, first ; orao, I see or discover; 
saura, lizard ; or proteros, earlier ; saura, lizard). A genus of Permian 
lizards. 

Protozoa (Gr. protos; and zoon, animal). The lowest division of the animal 
kingdom. 

PsAMMODUS (Gr. psmmos, sand ; odous, tooth). An extinct genus of Cestra- 
cibnt Sharks. 

PsBUDOPODiA (Gr. pseudos, falsity; and pozM, fooG. The extensions of the 
hody-substanee whieli. are put forth hy the Rlmopoda at will, and which 
serve for locomotion and prehension. 

PsiLOPHYTON (Gr. psilos, hare ; plmton, plant). An extinct genus of Lyco- 
poodiaceous plants. 

Pteranodon (Gr. pteron, wing ; a, without; odous, tooth). A genus of Ptero- 
saurian Reptiles. 

Pteraspis (Gr. pteron, wing; aspis, shield), A genus of Ganoid Pi^es. 

Ptehighthys (Gr. ptes’on, wing ; ichthus, fish). A genns of Ganoid Fishes. 

Pterodactylus (Gr. pteron, wing ; daktulos, finger). A genus of Pterosaurian 
Reptiles. „ , . , 

Pteropoda (Gr. pteron, wing ; andpoits, foot). A class of the ifowiMca which 
swim hy means of fins attached near the head. 

Ptbbosaueia (Gr. pteron, wing ; saura, lizard). An extinct order of Reptiles. 

Ptilodiotya (Gr. ptilon, a feather; cW/fetooMi, a net). An extinct genus of 
Folyzoa, 
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Ptychoceeas (Gr. ■ptucU, a fold ; kerns, a liom). A genus of Ammonitidce. 
PuLMONATB. Possessing lungs. 

Pyeiform {Lat. pyns, a pear ; and/onaa, form). Pear-shaped. 


Quadeumana (Lat. qualuor, four ; immis, hand). The order of Mammals 
comprising the Apes, Monkeys, Baboons, Lemurs, &c. 


Badiata (Lat, radius, a ray). Formerly applied to a large number of animals 
which are now placed in separate aub-kingdoms (e.ff., the Ccelentemta, tho 
Bohinodernmta, the Infusoria, &c.) 

Radiolaria (Lat. radius, a ray). A divi.sion of Protozoa. 

Ramus (Lat. a branch). Applied to each half or branch of tho lower iaw, or 
mandible, of Vertebrates. 

Raptores (Lat. rapto, I plunder). The order of the Birds of Prey. 

Rasores (Lat. rado, I scratch). The order of tho Scratching Birds (Fowls, 
Pigeons, &c.) 

PvECEPTACULiTES (Lat. rcceptaculim, a storehouse). An extinct genus of 
Protozoa. 


Reptilia (Lat. repto, I crawl). Tlie class of the Vertehrata compi-ising tho 
Tortoise.s, Snakes, Lizards, Crocodiles, &c. 

Retepora (Lat. nU, a net ; poms, a pore). A genus of Lace-corals (Polyzoa). 

Rhamphorhynchus (Gr. rhamphos, beak; rhugchos, nose). A genus of 
Ptero-sanrian Reptiles. 

Rhinoceros (Gr. rhis, the nose ; keros, horn). A genus of Hoofed Quadru- 
peds. 

Rhizopoda (Gr. rhim, a root ; andpous, foot). The division of Protozoa com- 
prising all those which are capable of emitting psoudopodia. 

Rhyncholites (Gr. rhugchos, Tieak ; and lithos, stone). Beak-shaped fossils 
con.sisting of the mandibles of Cephalopoda, 

Rhynchonella (Gr. rhugchos, nose or beak). A genus of Brachiopods. 

Rodentia (Lat rodo, I gnaw). An order of the Mammals : often called Glires 
(Lat. tjlis, a dormouse). 

Rotalia (Lat. rota, a wheel). A genus of Foraminifera. 

Rugosa (Lat rugnsus, wrinkled). An order of Corals. 

^ group of Hoofed Quadru- 

peds ( Ungulata) which “ ruminate ” or chew the cud. 


P ’ ^ jelly-like suh.stance of which the 
nU p’rofo.ma are composed. It is an albuniinoiis body containing 

■granules, and is sometimes called “animal protoplasm." 

w lizard-like Reptile is often spoken of as a 

^ ortothfao=o'ttet?Wt,S.^^^ mtrictodto th. Orooodil., aloM. 

extinct order of Reptiles, 

SAURCR^Vr * <r«wd-^ typical geiuis Plesiosaurus, 

^WoSIJlieS' feT*”’ ^ Climbing Birds {PaiTots, 

“cuttle-bone." ^ commonly known as the 

Septa. Partitions. 

bEETORAEinA (Lat. a wreath), An oxd^v of Sydrozoa. 
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Sessile (Lat. sedo, I sit). Not supported upon a stalk or peduncle; attached 
hy a base. 

Set^ (Lat. bri.stles). Bristles or long stiff hairs. 

S1GILLA.EIOIDS (Lat. si(jilla, little images). A, group of extinct plants of which 
Sigillaria is the type, so called from the seal-like markings on the hark. 

SiLiOEOua (Lat. A'lteo, Hint). Coinpoised of flint. 

Sinistbal (Lat. sinistra, the left hand). Left-handed ; applied to the direc- 
tion of the spiral in certain shells, -which are said to be “reversed.” 

Siphon (Gr. a tube). Applied to the respiratory tubes in the Mollusca ; 
also to other tubes of different functions. 

Sbphonia (Gr, siphon, a tube). A genus of fossil Sponges. 

SiPHONOSTOMATA (Gr. siphon ; and stoma, mouth). The division of Qastero- 
podous Molluscs in -which the aperture of the shell is not “ entire,” but 
possesses a notch or tube for the emission of the respiratory siphon. 

Siphon cle (Lat. siphuncuhis, a little tube). The tube which connects to- 
gether the various chaiubers of the shell of certain Cephalopoda (e. a., the 
Pearly Nautilus). 

Sieenia (Gr. sciren, a luennaid). The order of Mammalia comprising the 
Dugongs and Manatees. 

SlVATHERiUM (Sivti, a liindoo deity ; Gr. th&'ion, beast). An extinct genus 
of Hoofed Quadrupeds. 

SOLIDUNGULA (Lat. soUdus, solid ; ungida, a hoof). The group of Hoofed 
Quadrupeds comprising the Horse, Asa, and Zebra, in which each foot has 
only a single solid hoof. Often called Solipedia. 

Sphenopteris (Gr. sphen, a wedge ; pteris, a fern). An extinct genus of 
ferns. 

Spiohla (Lat. spiciilum, a point). Pointed needle-shaped bodies. 

Spibifera (Lat. spira, a spire or coil ; fero, I carry). An extinct genus of 
Bracliiopods, with large spiral supports for the “arms.” 

Spirobbis (Lat. s2)Cra; a spire ; orhis, a circle). A genus of tube-inhabiting 
Annelides, in which the shelly tube is coiled into a spiral disc. 

Sponqida (Or. s2')ogffos, a sponge). The division of Protozoa commonly known 
as sponge, s. 

Stalactite,? (Gr. stalasso, I drop). Icicle-like encrustations and deposits of 
lime, which hang from tlie roof of caverns in limestone. 

Stalagmite (Gr. stalagma, a drop). Encrustations of lime formed on the floor 
of caverns which are hollowed out of limestone. 

Stigmaeia (Gr, stigma, a mark made with a pointed instrument). A genus 
founded on the roots of various species of Sigillaria. 

Stratum (Lat. stratus, spread out ; or stratum, a thing spread out). A layer 
of rock. 

Steomatopoea (Gr. stroma, a thing spread out ; poros, a passage or pore). A 
Palmozolc genus of Protozoa, 

Strophomena (Gr. strophao, I twist ; mmS, moon). An extinct genus of 
Bracliiopods. 

Sdb-oalcaeeous. Somewhat calcareous. 

Sub-central. Nearly central, but not cprite. 

Suture (Lat. suo, I .sew). The line of junction of two parts which are immov- 
ably connected together. Applied to the line where the whorls of a univalve 
shell join one anotlier ; also to the lines made upon the exterior of the shell 
of a chambered Cephcdopod by the margins of the septa. 

Strinqopora (Gr. sungx, a pipe ; poros, a pore). A genus of Tabulate Corals, 

Tabulae (Lat. tabula, a tablet). Horizontal plates or floors found in some 
Corals, extending across the cavity of the “theca” from side to side. 

Tegumentary (Lat. tegummdum, a covering). Connected with the integu- 
ment or skin. 

Teleosauros (Gr. ieUios, perfect ; saura, lizard). An extinct genus of Cro- 
codilian Emtiles. 

Teleostei (Gr. ieZezos, perfect; osteon, hone). The order of the ‘'Bony 
Fishes,” 
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Telson (Gr. a limit). The last joint in the abdomen of Crustacea; va- 
riously regarded as a segment without appendages, or as an azygous 
appendage. ° 

Tentacolites (Lat. tentacxdum, a feeler). A genus of Pteropoda, 
Terbbratula (Lat. terebratus, bored or pierced). A genus of BracMopoda, so 
called in allusion to the perforated beak of the ventral valve. 

Test (Lat. testa, shell). The shell of Mollusca, which are for this reason 
sometimes called “ Testacea ; ” also, the calcareous case of Echimderms • 
also, the thick leathery outer tunic in the Tunicata. 

Testaceous. Provided with a shell or liard covering. 

TESTUDiNiDiB (Lat. testudo, a tortoise). The family of the Tortoises. 
Ietrabranchiata (Gr. tetra, four ; bragchia, gill). The order of CepMlopoda 
characterised by the possession of four gills. 
xEXTULi^iA (Lat. textilis, woven). A genus of Formn/inifera. 
iHECA (Gr. thekt, a sheath). A genus of Pteropods. 

Thecodontosaurus (Gr. thek^, a sheath ; odous, tooth ; saum, lizard). A 
pnu^s of “Thecodont ” Reptiles, so named in allusion to the fact that the 
teeth are sunk in distinct sockets. 

Theriodont (Gr. fierion, s,hea.st; odous, tooth). A group of Reptiles so 
’B, allusion to the Mammalian character of their teeth. 
IEORax (Gr. a breastplate). The region of the chest. 

^^uptals^^° ^ ^ extinct genus of Mar- 

“^le)-. A genus of Bivalve Molluscs. 

-pj* *2?®® ’ i Mrpos, fruit). A genus 

lOTinded on fossil fraita of a three-angled form, 

a lobe). An extinct order of Crusiaoeans. 
^^eTv^rf ™ ^ ^ thirion, beast). An extinct genus of 

f inl^al’it). The order of Annelida 

TDBKOirs! “‘i' 

tmih enveloped 

TuSfTP^G^f 5 conical with a round base, 

i UBRILITES (Lat, turns, a tower). A genus of the Ammonitidce. 

^ 'S'® of ® ^™fve shell. 

TJmm Furnished with claws. 

Qu^^^i^ids *' °”^®^ Mammals comprising the Hoofed 

Unilootur expanded nails constituting hoofs. 

V- one; and locidus. a little purse) Possessing a single 
Univalve^ '^PPf'o'f fo the shells of Foraminiferu and Aroffc.?ca.^ 

SISpleKvX; folding-doors). A-^shell composed of a 

The order of the Tailed Amphibians 

^bS?f^ file stomach). Relating to the inferior surface of the 

^ s7o^e™ a little stomach). A genus of siliceous 

v™Mff-;;r?’turT 

^ column or backbone’ ' ^^® *^® segments of the vertebral 

teLtoiflilS"”' ‘i'f ‘“l'. t« to). H. 

a liactbom. ™ Kingdom roughly charaoterised ty tho posBaiaion of 
Vesicle (Lat. vesica, a bladder). A little sac or cyst. 
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WnoRli, Tlie spiral turn of a univalve slioll. 

XiPHostFRA (Gr. xiplws, _ a sword ; and otira, tail). An order of Crustacea, 
Gonipriaing the Juimuli or King-Grabs, characterised by their long sword- 
like tails. 

XvtoBiiTs (Gr. xulon, wood ; Inos, life). An extinct genus of Myriapods, 
named in allusion to the fact that the animal lived on decaying wood. 

Zaphrentis (proper name). A genus of Rngose Corals. 

Zj3t7Qf,ODONTiDiB (Gr. zeiujU, a yoke ; mhnks, a tooth). An extinct family of 
Cetaceans, in wliieh the molar teeth are two-fanged, and look as if composed 
of two parts united by a neck. 

Zoophyte (Gr. zolin, animal ; pliuton, plant). Loosely applied to many plant- 
like animals, such as Sponges, Corals, Sea-anemones, Sea-mats, &c. 
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Acadian Group, 79. 

Acer, 308. 

Acermilaria, 119, 173. 

Aaidasjais, 123. 

Acorn-sliells, 2G7. 

Aaroculia, 128. 

Acrodm, 214, 242, 276; ndbilis, 242. 
Acrotreta, 110. 

Aar our a, 120. 

Aetinoorinus, 176. 
yEglina, 108. 
yEpior^iis, 348. 

Amwstus, 86-87, 108 ; rex, 85. 

Aloes tnalchis, 354. 

Aleato, 108. 

~A.iethopteris, 136, 166, 196. 

Algce {see Sea-weeds). 

Alligatoi's, 218, 297. 

Alnus, 262. 

Amblypterus, 188; macropterus, 188. 
Ambonyahia, 111. 

Ammonites, 187, 212-214, 287-239, 272; 

Bumphresianus, 238 ; bifrons, 238. 
Ammonitidoe, 239, 272, 285, 294. 
Amphibia, 189 ; of the Carboniferous, 
189-191 ; of the Permian, 200 ; of the 
Trias, 215-217 ; of the Jurassic, 242; of 
the Miocene, 313. 

Amphieyon, 322. 

Ainphilestes, 253. 

Amphispongia, 118. 

Amphistegina, 311. 

Amphilherium, 253-255; Prevostii, 
Amphitragulus, 317. 

Amplexus, 173 ; eorailoides, 174. 

Ampyx, 108. 

Ananchytes, 266, 

AnchitherCum, 301, 302. 

Anayloceras, 272, 273 ; JUatheronianus, 
273. 

Aneylotherium Pentelici, 316. 

Andrias Scheuekzeri, 813, 314. 
A'ngiospernis, 261, 262. 

Animal Kingdom, divisions of, 375-378. 
Anisapw, 206. 

Annelida, of the Cambrian period, 82, 
83 ; of the Lower Silurian, 107; of the 
Upper Silurian, 122, 123; of the De- 
vonian, 143, 144 ; of the Carboniferous, 
178. 

Annulmria, 187, 196^ 207. 


Anomodojitia, 220. 

Anoplotheridce, 302. 

Anoplotherium, 302, 303 ; commune, 803. 
Ant-eaters, 209, 816, 349, 360, 368. 
Antelopes, 317. 

Anthracosaurus Russelli, 190. 
Anthrapalcemon gracilis, 180, 
Aniilocapra, 818. 

Antilope guadricornis, 318. 

Antwerp Crag, 325, 

Apes, 323. 

Apioorimis, 231. 

Aptei'yx, 346, 348. 

Aqueous rooks, 16, 

Arachnida of the Coal-measures, 181. 
Aralo-Caspian Beds, 326. 

Ara^tcaria, 262. 

Araucarioxylon, 170. 

Ao-ca, 198 ; antiqua, 199. 

Archceocidaris, 178. 

Archceocyathus, 82. 

Archceopteryx, 262, 281; macrura, 252, 
253. 

Archceosphcerince, 76. 

Archimedes, ISA; Wortheni, 183. 

A rchiulus, 1S2. 

Arctic regions, Miocene flora of, 310. 
Arctoeyon, 304. 

Arenaceous rocks, 20. 

ArenicoUtes, 83 ; didymm, 88. 

Arenig rocks, 92, 94. 

ArgiOaceous rocks, 20. 

Armadillos, 299,361, 868. 

Artiodaotyle Ungulates, 800, 317. 
Asaphus, 108 ; tyrannus, 107, 108. 
Aseoceras, 130, 

Aspidella, 76. 

Aspidura loricata, 210. 

Astarte borealis, 388. 

AsterophyUites, 137, 196. 

Asterosteus, 162. 

Astrceidce, 231. 

Astroeospongia, 118, 189. 

Astylospongia, 98 ; prcemorsa, 98. 
Athyris, 110, 127, 147, 198 ; subtilita, 185. 
Atlantic Ooze, 22, 28. 

Atrypa, 127; congesta, 127; hemiaphce- 
n'ca, 127; reticulwris, 147, 148. 
Auger-shells, 293. 

Aurochs, 356. 

Aves (ace Birds). 
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Amciita, 235; contorta, 211, 212; mialiti, 
211. 

“ Avicula contorta Beds,” 204, 212. 
AviouHdiJt!, 198, 2G9. 

Avimlopeoten, 186. 

Axophyllum, 173. 

Ayniestry Limestone, 116, 117. 

Azoic rocks, 67. 

Baculites, 273 ; anceps, 274. 

Bngsliot and Bracklesliatn Beds, 287, 
BakawelUa, 198. 

Balmna, 815. 

Bala Group, 98, 94. 

Bala Limestone, 98. 

Balanidce, 267. 

Bankna, 262, 808. 

Barbadoes Earth, 83. 

Barnacles, 267. 

Bath Oolite, 227. 

Bats, 804, 322. 

Beaivs, 330, 859. 

Beaver, 822, 386. 

Beetles, 182, 311. 

Belemiitella muoronata, 275. 

Belemnites, 214, 240, 274; canaliculatus, 
241. 

Belemnitidce, 240, 286. 

Belemnoteuthis, 240. 

Belinurus, 179. 

Bellerophon, 111, 129, 148, 180 ; Argo, 111. 
Belodon, 218; Carolinensis, 219. 

Belosepia, 295. 

Beloteuthis subcostata, 289, 240. 
Bemhridgo Bods, 288. 
lieryx, 276 ; Lmiiesiensis, 270. 

Beyrichia, 107 ; complicata, 107. 
Bird’s-eye Limestone, 96, 96. 

Birds, of the Trias, 222 ; of tlie Jurassic, 
261-263; of the Cretaceous, 281, 282; of 
the Eocene, 297 ; of the Post-Pliocene, 
346-348. 

Binon prisons, 366. 

Bituminous Schists of Caithness, 30. 
Bivalves (see Laraellibranchiata). 
Black-lead (see Graphite). 

Black-River Limestone, 96, 96. 

Biastoidea, 176 ; of the Devonian, 143 ; 

of the Carboniferous, 170. 

Boidm, 206. 

Bolderberg Beds, 807. 

Bone-bed, of the Upper Ludlow, 116 ; of 
the Trias, 224. 

Bony Pishes [sec Teleostean Pishes). 

Bos primigenius, 366 ; taurm, 366. 
Bonlder-cfay, 387. 

Bourguetierinus, 266. 

Bovey-Tracy B- ds, 806, 809. 

Brachiopoda, 126 ; of the Cambrian rocks, 
87; of the Lower Silurian, 108-110; of 
the Upper Silurian, 126-128; of the De- 
vonian, 147, 148 ; of the Carboniferous, 
184-186 ; of the Permian, 198 ; of the 
Trias, 211 ; of the Jurassic, 234 ; of the 
Cretaceous, 268 ; of the Eocene, 292. 
Br&ahymetopus, 179. 

Brachyurous Crustaceans, 180, 197. 
Bradford Clay, 227. 

Breaks in tlie Geological and Palaeonto- 
logical record, 44-62. 

Breccia, 19. 

Brick-earths, 839. 


Bridlington Cfag, 325, 326, 836. 
Brittle-stars (see Oi)hmroidea). 

Bronteus, 145. 

BrmUotlieridm, 816. 

Brontotherium ingens, 316, 

Brontozoum, 206. 

Bucoinum, 237. 

BucMandia, 230. 

Bulirnus, 294. 

Bimtor Sandstein, 203, 204, 206. 

Butterllies, 238, 311. 

Byssoarea, 198. 

Cainozoic (see Kainozoic). 

Calamaries, 280. 

Calamites, 165, 106, 196; canneeformis, 
106. 

Calcairo Grossier, 287, 288. 

Calcareous rocks, 20-82 ; Tufa, 21. 
Calcifcrous Sand-rock, 95, 96. 

Calveria, 178. 

Caljpnene,. 108, 128; Blumenhachii, 107. 
Camarophoria glohulma, 198. 

Cambrian period, 77-90; rocks of, in 
Britain, 77, 78; in Bohemia, 79; in 
North America, 79 ; life of, 80-90. 
Camelopardalidm, 317. 

Camels, 317, 864. 

Ganis lupus, 886; JParisiensis, 804. 
Oni-adoc rocks, 93, 94, 96. 

Carbon, origin of, 36. 

Carboniferous Limestone, 167, 158. 
Carboniferous period, 167-192 ; rooks of, 
157-160 ; life of, 160-191. 

Carboniferous Slates of Ireland, 186, 168, 
169. 

Carcharias, 276. 

Oaroharodon, 296, 812 ; productus, 813. 
Gwdinia, 286. 

Cardiocarpon, 187. 

Ccsrdiola, 128; fibrosa, 128; interrupta, 
128. 

Oardita, 218, 292; planicosta, 292, 293. 
Gardium, 292; Bhcetioivm, 211, 212. 
Caribou, 366. 

Gamivora, of the Eocene, 304 ; of the 
Miocene, 822 ; of tlie Pliocene, 330, 881 ; 
of the Post-Pliocene, 869-861. 

Garyocaris, 107, 108. 

Garyoerimis urnatus, 106. 

Gastor fiber, 886. 

GaMoroides OMoemis, 861. 

Catastrophism, theory of, 3, 

Gatopterus, 214. 

Cauda-Qalli Grit, 136, 137. 

Caulopteris, 136, 164. 

Cave-bear, 860. 

Cave-deposits, 337, 339, 341-344. 
Cave-hyrona, 860. 

Cave-lion, 361. 

Caves, formation of, 841 ; deposits in, 842. 
Cavicomia, 817. 

Cement-stones, 81. 

Cephaiaspis, 162 

Cephalopoda-, of the Cambrian period, 88 ; 
of the Lower Silurian, 111-114 ; of the 
Upper Silurian, 130 ; of the Devonian, 
149; of the Carboniferous, 186, 187; of 
the Permian, 199; of the Trias, 212 ; of 
the Jurassic, 237-240 ; of the Cretaceous, 
272-275; of the Eocene, 294; of the 
Miocene, 312. 
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Ceratioaaris, 108. 

Ceratites, 212-2 L4; nodosus, 212. 
Ceratodm, 214; ctltus, 214; Fosteri, 214, 
215, 250; serratus, 214. 

Geriopora, 140 ; H amUUmensis, 146. 
Cerithiim, 213, 293; hexagonum, 294. 
Ceroidoi, of the Miocene period, 317; of 
the Pliocene, 329 ; of the Post-Pliocene, 
354, 355. 

Genus, 817 ; capreolus, 336, 354; elaphus, 
836, 354; megaceros, 354, 355; taran- 
dm, 354. 

Gestracion Philippi, 188, 265. 

Cestraeionts, of the Devonian, 164 ; of the 
Ciirhoniferou.s, 188; of the Permian, 
199; of the Trias, 214; of the Jurassic, 
242 ; of the Cretaceous, 275. 

Gatacea, 299 ; of the Eocene, 299 ; of the 
Miocene, 315. 

Catiomurvs, 249, 25 
Ghceropotatmis, 302. 

Ghmtetes, 105, 173 ; tumidus, 174. 
Chain-coral, 119. 

Chalk, 259 ; structure of, 21-23 ; Foramin- 
ifera of, 22, 263 ; origin of. 23 ; with 
flints, 259 ; witliout flints, 259. 

Chama, 236. 

Chamcerops, 308 ; Eelvetica, 309. 

Cliazy Limestone, 95, 96. 

Cheiroptera, of the Eocene, 304, 305 ; of 
the Miocene, 322. 

Cheirotherium, 215, 216. 

Cheirurus, 108, 123 ; himucronatus, 124. 
Cheliehnus Duticani, 202 . 

Chelone Benstedi, 280 ; planieeps, 251. 
Chelonia, of the Permian, 202; of the 
Jurassic, 251 ; of the Cretaceous, 280 ; 
of the Eocene, 296; of the Miocene, 218. 
Ghemnitzia, 213. 

Chemung Group, 135, 136, 137. 

Chert, 34. 

Cliillesford Beds, 325, 326, 336. 

Chonetes, 127, 147, 184; Hardrcnsis, 185. 
Chonophyllum, 173. 

Cidaris, 266. 

Cincinnati Group, 96, 96. 

Cinnamomum po lymarplmm, 309. 
Cinnamon-trees, 262, 290, 306, 308, 309. 
Cladodm, 188. 

Claiborne Beds, 289. 

Clathropora, 145; intertexta, 146. 

Clay, 20; Red, origin of, 35. 
Clay-ironstone, nodules of, 31. 
Cleidophorvs, 111 . 

Cleodora, 312. 

Glimacograptus, 101, 119. 

Clinton Formation, 116, 117. 
Clisiophyllum, 173. 

Clupeidce, 276. 

Ciymenia, 149 ; SedgwieTdi, 149. 

Coal, 36 ; structure of, 163 ; mode of for- 
mation of, 162. 

Coal-measures, 159, 160; mineral char- 
acters of, 159; mode of formation of, 
160, 162 ; plants of, 162-170. 

Coeeoliths, 261. 

Oaceosteus, 161, 152. 

GocMiodus, 188 ; contortus, 189. 
Coleoptera, 182, 31L 
Colossochelys Atlas, SiZ. 

Columnaria, 106 ; alveolcUa, 105. 
Gomatala, 232, 2^. 


Conclusions to he drawn from Fossils, 
52-66. 

Concretions, calcareous, 29; phosphatio, 
31 ; of clay-ironstone, 31 ; of manganese, 
31. 

Conglomerate, 18. 

Coniferoe, 262 ; wood of, 18 ; of Devonian 
period, 138; of the Carboniferous, 170; 
of the Permian, 196; of the Trias, 208; 
of the Jurassic period, 280. 

Coniston Flags and Grits, 116. 

Connecticut Sandstones, footprints of, 
222, 346. 

Conocoryphe Matheioi, 85 ; SuUzeri, 85. 

Gonodonts, 114, 131. 

Constellaria, 105. 

Constricting serpents of tlio Eocene, 296. 

Contemporaneity of strata, 44-46. 

Continuity, theory of, 5-7. 

Conularia, 111, 129, 148, 186, 199, 237; 
ornata, 149. 

Conulus, 186. 

Conus, 293. 

Coonihola Grits, 168, 159. 

Coprolites, 31, 243. 

Coralline Crag, 324. 

Corallines, 25. 

Corallium, 311. 

Coral-rag, 227, 229, 230. 

Coral-reefs, 24-26. 

Coral-roek, 26. 

Coral-sand, 19, 26. 

Corals, 103; of the Lower Silurian, 104, 
106 ; of the Upper Silurian, 119 ; of the 
Devonian, 140-143 ; of the Carbonifer- 
ous, 172-176 ; of the Permian, 197 ; of 
the Trias, 209 ; of the Jurassic, 230, 231 ; 
of the Cretaceous, 266 ; of the Eocene, 
292; of the Miocene, 811. 

Corlmla, 235. 

Combra.sh, 227, 229. 

Corniferous Limestone, 136, 137. 

Comulites, 123. 

Cornua, 262. 

Coryphodon, 300. 

Cowries, 269, 271, 293. 

Crabs, 180, 197, 233, 267. 

Crag, Red, 324; White, 324; Norwich, 
324 ; Antwerp, 826 ; Bridlington, 825 ; 
Coralline, 324. 

Crania, 110, 127, 198, 269 ; Ignahergensis, 
269. 

Grassatella, 292. 

Crepidophyllum, 142 ; Archiaci, 142. 

Cretaceous period, 266-283 ; rocks of, in 
Britain, 257-269; in North America, 
260, 261 ; life of, 261-283. 

Crinoidal Limestone, 24, 25. 

Crinoidea, 120 ; of the Cambrian, 82 ; of 
the Lower Silurian, 106; of the Upper 
Silurian, 120-122 ; of the Devonian, 148 ; 
of the Carboniferous, 175 ; of the Per- 
mian, 197; of the Trias, 209; of the 
Jurassic, 281; of tlie Cretaceous, 266; 
of the Eocene, 292. 

Crioceras, 278 ; cristatum, 274. 

Crocodilia, 218 ; of the Trias, 218 ; of the 
Jurassic, 251 ; of the Cretaceous, 280 ; 
of the Eocene, 296, 297. 

Cromer Forest-bed, 336. 

Crossozamiles, 280. 

OrotaUfcrmus, 122. 
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Crustacea, of the Oarnbrian, S3-87 ; of the 
Lower Silurian, 107, lOS; of tlie Upi)er 
Silurian, 123-125 ; of the Devonian, 144, 
145; of the Carboniferous, 17S-181; of 
the Permian, 197 ; of the Trias, 210; of 
the Jurassic 233; of the Cretaceous, 
267. 

Cryptogams, 164, 262. 

Ctenacanthus, 188 . 

Ctenadunta, 111 . 

Ctipressus, 262. 

Cttrsores, 297, 346. 

Outtle-lislies (see Dibranchiate Cephalo- 
pods). 

CyaUioarinus, 175. 

Cyatkophyllum, 119, 142, 178. 
Cycadopteris, 262. 

Cyeads, 20S; of the Carboniferous, 170; 
of the Permian, 197; of the Truus, 208; 
<jf the Juras.-iic, 230 ; of the Cretaceous, 
261. 

Cyolas, 268. 

Gycltmamn, 129. 

Cyclophthalinus senior, 181. 

Cyclostorna, 294 ; Arnoudii, 294. 
Cynodraco, 226. 

Cyprcua, 271, 298 ; eleyans, 393. 

Cypress, 262, 808, 311. 

Cypridina, 145. 

Cypridina Slates, 146. 

Cyrena, 235, 268, 292. 

Gyrtdna, 213, 214. 

Cyrtaaeras, 114. 

CysHpliylluvi, 119, 142, 173 : vesiculostim, 
141. 

Cystoidea, 105-107 ; of the Cambrian, 82 ; 
of the Lower Silurian, 106; of the 
Upper Silurian, 120. 

Dachstein Beds, 205, 206 
Dadoxylnn, 138, 170. 

DaoneUa, 211 ; Lommelli, 211. 

Dasoniis Londinemis, 297. 

Decapod Crustaeeans, 180. 

Deer, 317, 329, 354. 

Deinosauria, 248 ; of the Trias, 221 ; of 
the Jurassic, 248-251 ; of the Crot aceons, 
277-279. 

Deinotheriwn, 819, 820; /r/iV/tMifeum, 320. 
Denbighshire Flags anti Grits, 116. 
Dendrocrmus, 82. 

Bendroyraptus, 100 . 

Desmids, 138, 261. 

Devonian Formation, 188-136; origin of 
name, 133 ; relation to Old Red Sand- 
stone, 133, 134; of Devonsliire, 134; 
of North Ainerum, 136, ISO; life of, 
136-156. 

Diadama, 266. 

Diatoms, S3; of the Devonian, 138; of 
the Carboniferous, 164; of flints, 261; 
of Richmond Earth, 33, 807. 
Dibranchiate Cepljalopods, 112; of the 
Trias, 212; of the Jurassic, 239-241 ; 
of the Cretaceous, 274, 276 ; of the 
Eocene, 294 ; of the Miocene, 812. 
Diaeras, 236; arietina, 286. 

Diceras Limestone, 227, 286. 

Biolwhune, 303. 

JDichograptus, 101 ; octohraehiatus, loi. 
Dicotyledonous plants, 262. 

JDicotyUs antiquus, 317. 

Bioranograptus, lul, 119. 


Bietyoncma, 89, 100, 119; sociale, 89, 
Dicynodon, 220 ; lacerticeps, 221. 

Bidelphys, 254, 315; gypsoruni, 299, 

Bidus ineptus, 348. 

Bidymngraptus, lul; divarieatiis, 102. 
Bikelloeephalus Celticus, 84; Minncso- 
tensis, 84. 

Bimorphodon, 247. 

Binlchthys, 153 ; Eertzeri, 151. 

Dinoceras, 303 ; mirabilis, 304. 

Binoeerata, 303, 3iJ4. 

Dinophis, 296. 

Biiiomis, 346, 348; elephanlopus, 346, 
347; giganteus. 346. 

Dvnosauria (see Beinosauria). 

BinotheHum (see Bemotherium). 
Biphyphyllum, 142. 

Diplograptus, 101, 119; prktis, 102. 
Dipnoi, 153, 187, 215. 

Biprotodxm, 348, 349 ; australis, 348. 
Biptera, 311. 

Biseina, 87, 110 , 127. 198. 

Biscnidea, 266 ; cylindrica, 267. 
Bithyrocaris, 179 ; Scouleri, 180. 

Doth), 348. 

Dog whelks, 293 
Dolomite, 27, 28. 

Doiumitie Conglomerate of Bristol, 201, 
219. 

Dolphins. 299, 315. 

Borcatherium, 317. 

Downton Sandstone, 116. 

Bract) volans, 245. 

Dragon-flies, 311. 

Drift, Glacial, 887. 

Bremotherium, 317. 

Brornatherium sylvestre, 223, 224. 
Bryandra, 262. 

Bryopithecus, 323. 

Dugongs, 299. 

Eohinodermaia, of the Cambrian, 82 ; of 
the Lower Silurian, 106; of the Upper 
Silurian, 120; of the Devonian, 148 ; of 
the Carboniferous, 175 ; of the Permian, 
197; of the Trias, 209 : of the Jurassic, 
231 ; of the Cretaceous, 266 ; of the 
Eocene, 292. 

Echvnoidea, 177 ; of the TJirper Silurian, 
120 ; of the Devonian, 143 ; of the Car- 
boniferous, 177 ; of the Permian, 197 ; 
of the Jurassic, 233; of the Cretaceous, 
260. 

Edentata, 349 ; of the Eocene, 299 ; of the 
Miocene, 316; of the Post-Plioeene, 
349-353. 

Edrioarinus, 122. 

Bifel Limestone, 135 
Elasinobranchii (see Placoid Fishes). 
Elasinttsaurus, 276. 

Elephants, 319. 820, 330. 

Elephas, 320 ; Americanus, 357 ; anti- 
quus, 329, 830, .336, 341, 357 ; Faleoneri, 
369 ; Meli'ensis, S-IO; ineridionalis, 329, 
330, 336, .357 : planifrons, 321 ; prizni- 
genius, .339, 341, 357, 358. 

Elk, 354 : Irisli, 364, 366. 

EUlpsacephalus Hojffi, 84. 

Elotherium, 317. 

Emydidm, 296. 

Emys, 280. 

Enaliosaurians, 219, 242, 276. 

Bnorinltal marble, 24. 
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JUnorinurus, 1 23. 

S'lierinm lilii/orm-is, 200, 210. 

Bndogenou.s plants, 261. 

Endophyllum, 178. 

Endothyra, 171 ; Bailyi, 172. 

Engis skull, 364. 

EiUomis, 145. 

Entomoconohus Sconleri, 179, 180. 

Eocene period, 284 ; rocks of, in Britain, 
287, 288; in Prance, 288; in North 
Anieriea, 2S8, 289 ; life of, 289-305. 

Eocidaris, 197. 

Eophyton, SO ; Linneanum, 81. 

Eophyton Sandstone, 79. 

Eosaurus Aoadianus, 191. 

Bozoic rocks, 67 

Eozoon Eavaricum.,- 76. 

Eozuon Canademe, 68, 76 ; appearance of, 
in mass, 69 ; minute structure of, 70, 7l ; 
affinities of, with Poraminifera, 71-74. 

Ephemeridre, 145, 183. 

Equuetacem, 160. 

Equisetiten, 196. 

Equidm, 3Q1, 302, 316, 328. 

Equus, 302 ; cabalivs, 354 ; cxcelsus, 328 ; 
fossilis, 336, 354 

Eridophylluin, 142. 

Eryon aretiformis, i33, 234. 

Eschara, 207. 

Escharidce, 267. 

Encharina, 287 ; Oceani, 268. 

Estheria, 145, 179, 210 ; tenella, 180. 

Euaalyptoerinus, 122: polydaetylus, 122. 

Euoladia, 120. 

Eiwmphalm, 128, 148, 186, 199, 213; dia- 
cors, 129. 

Euplectellct, 265. 

ExiproUps, 179. 

European Bison, 356. 

Eurypterida, 124, 179; of the Upper SDu- 
rian, 124; of the Devonian, 144. 

Even-toed Ungulates, 3u0, 317, 354. 

Exogenous plants, 266. 

Exogyra, 236 ; virgula, 236. 

Extinction of species, 57, 58. 

Fagus, 262. 

Faluns, 306. 

Ban-palms, 308. 

Eavistella, 105. 

Favosites, 119, 142; Gothlandica, 143; 
hemupheerica, 143. 

Bax'de Limestone, 259, 286. 

Felwangmtus, 330 ; Uo, 361 ; xpelma, 861. 

Fcjiestella, 108, 125, 145, 184, 198, 210 ; 

146 ; tnagnijUia, 146 ; retijormis, 

Eetustellidce, 183. 

Berns, of the Devonian, 136 ; of the Car- 
honiferous, 164; of the Permian, 196; 
of the Trias, 207 ; of the Jurassic, 229 ; 
of the Cretaceous, 26L 

Big-shells, 293. 

Bishes, 150; of the Upper Sflnrian, 130, 
131 ; of the Devonian, 150-155 ; of the 
Carhoniferons, 187, 188 ; of tlie Permian, 
199, 200 ; of the Trias, 214, 216 ; of the 
Jurassic, 240-242 ; of iffie Cretaceous, 275 
276; of the Eocene, 295, of the 
Miocene, 312, 813. 

Blint, 33; structure of, 34; origin of 34 • 
oi^amsms 34, 138, 263 ; of Chalk, m 
259, 261. ^ ’ 


Human implomonts associated with hones 
of extinct Mammals, 303, 3(14. 

Flora (see Plants). 

Footprints of Chairotlienwn, 215, 210 ; 
of the Triassie sand.stoiies of Conneeti- 
cut, 222. 

Forammifera, 22-24, 71-74; of the Cam- 
brian, 82; of the Lower Silurian, 98; 
of the Carboniferous, 171, 172; of the 
Permian, 197 ; of the Trias, 209 ; of the 
Jurassic, 230 ; of the Cretaceou.s, 21, 
22, 203 ; of the Eocene, 2!)(j ; of the 
Miocene, 311 ; of the Post-Pliocene, 
338 ; of Atlantic ooze, 22, 23 ; as build- 
ers of limestone, 24, 25, 28 ; as forming 
green sands, 34, 

Forbe.siocrinus, 175. 

Forest-bed of Cromer, 336. 

Porest-bngs, 311. 

Forest-marble, 227. 

Formation, dellnition of, 18; succession 
of, 42. 

Fossiliferous rocks, 14-37; chronological 
succession of, 87-44. 

Fossilisation, processes of, 11-14. 

Fossils, definition of, 11 ; distinotive, of 
rock-gronps, 88 ; conclusions to be 
drawn from, 52-56; biological relations 
of. 57-61. 

Foxes, 304. 

Pringe-flnned Ganoids, 163. 

Fueoidal Sandstone, 79, 80. 

Fucoids, so, 97. 

Puller’s Earth, 227, 229, 

Fusulina, 172 ; cylindrica, 172. 

Fusus, 237, 293. 

Oaleocerdn, 812. 

Oalarites, 266 ; albo-galerus, 267. 

GaleHtes, 264. 

Ganoid Fishes, 160 ; oftlie Upper Silurian, 
130 ; of the Devonian, 150-153 ; of the 
Carboniferous, 187, 1S8 ; of the Permian, 
199 ; of the Trias, 214 ; of the Jurassic, 
241 ; of the Cretaceous, 276 ; of the 
Eocene, 295. 

Gaspg Beds, 134. 

Gasteropoda, of the Cambrian, 88 ; of the 
Lower Silurian, 111; of i he Upper Silu- 
rian, 128, 129 ; of the Devonian, 148 ; of 
the Carboniferous, 186; of the Permian, 
199; of the Trias, 213; of the Jurassic, 
286, 237 ; of the Cretaceous, 271 ; of the 
Eocene, 292, 293. 

Gastomis Parisiensis, 297. 

Gault, 267, 258. 

Gavial, 251, 297. 

Genesee Slates, 135. 

Geological record, breaks in the, 47-62. 

Giraffes, 817. 

Glacial period, 835 ; deposits of, 337, 338. 

Qlandviim, 811. 

Glaneonite, 34, 74, 98, 268. 

Glavconome, 126, 184 ; pulcherrima, 183. 

Globe Crinoids (see Cystoidea). 

Globigerina, 22, 28, 264. 

Glutton, 369. 

Glyptaster, 129. 

Glyptocrinm, 122. 

Qlyptodon, 361, 862; clavipes. 362. 

GlyptolcEmm, 163. 

Goats, 318. 

Goniatites, 180, 149, 187, 214 ; Jossce, 187. 
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Gorgonidai, 292. 

Grculatores. 297. 

Graphite, 36 ; mode of ocRiirrence of, 36, 
68 ; origin of, 36. „ , „ , 

Ch-aptoUtes, 89, 100 : structure of, 10 1 ; 
of the Lower Silurian, lOO-loS; of the 


Upper Silurian, 118, 119. 

Great Oolite, 2:i7, 229; Upper, 257, 258, 
260 

Greenland, Miocene plants of, 311. 
Greensand, Lower, 257, 260. 

Green sands, origin of, 44, 263. 

Grevillea, 262, 308. 

Ortffiihides, 179. 

Grizzly Bear, 359 
Ground Sloths, 351. 

Gryphma, 286 ; inourna, 236, 

Guelph Limestone, 117. 

Gulo luscus, 360 ; spelceus, 360. 
Guttenstein Beds, 205, 206. 
Gymnospermous Exogens, 262. 

Gypsum, 82, 193, 204. 

Gyraoanthus, 188. 

Gyroeeras, 130. 


Sadromurun, 278. 

Ilalitliarium, 299. 

Hallstadt Beds, 205, 206. 

Halohia, 211. 

Halysites, 119 ; agglomerata, 120 ; caten- 
ularia, 120 . 

Hamilton foi-mation, 185, 137. 

Hamites, 273 ; rot.undiiit, 274. 
Haplophlebimn Bameni, 182, 

Harlech Grits, 78, 79. 

Uarpes, 108, 128 ; ungula,\24. 

Hastings Sands, 267. 

Headon and Oshorne series, 287, 288. 
Heart-urchins, 811. 

IlelMites, 106, 119, 266. 

Ileliophyllvm, 142, 173; exigmm, 141. 
Helix, 294. 

Helladotherium, 317, 

IleloporafragiliB, 126. 

Hemicidarin crenulann, 238. 

Hemiptera, 811. 

Hemitrochificus paradoxus, 197. 
Hempstead Beds, 306. 

Hesperornis, 281, 282 ; regalis, 282. 
Heteropoda, 111 ; of the Lower Silurian, 
111 ; of the Upper Silurian, 129 ; of the 
Devonian, 148; of the Carhoniferous, 
186. 

Hinnites, 218. 

Hipparion, 301, 802, 816, 317, 328. 
Hippopodium, 286. 

Hippopotamus, 302; ampMWus, 317, 329; 

major, 829, 836, 354 : Slvalensis, 318. 
Hippothoa, 108. 

Hippurtte Marble, 270. 

Hippurites, 270 ; Toucasiana, 271. 
HippuritidcB, 270, 285. 

Histiodei’ma, 82 
Hollow-horned Euminants, 317. 
Holoeystis elegans, 266. 

Holopea, 129 ; suhconica, 129. 

Holopella, 129, 218; obsnleta, 129. 
Holoptyoliius, 168 : noMissimus, 154. 
Holostomntons Univalves, 286, 298, 
Holothurians, 120. 

Holtenia, 264. 

Homacofiithus, 188. 


Homalonotus, 123, 145 ; armatus, 144. 
Homo diluvii testis, 318. 

Honeycomb Corals, 142 
Hoofed Quadrupeds, 800, 

Hudson Eiver Group, 95. 

Huronian Period, 76, 76 ; rocks of, 75. 
Hycena eroeuta, 860 ; spelcea, 860 ; Hip- 
parionum, 380. 

Hyceniotis, 322. 

Hyomodon, 304. 

Hyalea D'Orbignyana, 312. 

Hyhodus, 214, 242, 275. 

Hydraetinia, 265. 

Hydroid Zoophytes, 108, 266. 

Hymemearis vermicauda, 84, 88. 
Hymenophy Hites, 165. 

Hymenoptera, 811. 

Hyopotamus, 302. 

Hyperodapedon, 218. 
Hypsiprymnopsis,2i4. 

Hystnx primigenius, 322. 

lehthyocrinus Icevis, 122. 

Jchthi/omis, 281, 282 : dispar, 281, 282. 
Ichthyosaurus, 242, 243, 276 ; communis, 
242. 

Ictithermm, 322. 

Iguana, 277. 

Iguanodon, 277, 278 ; Mantelli, 278. 
Ilfracombe Group, 184. 

Illamus, 108, 123 

Imperfection of the palajontological re- 
cord, 60, 51. 

Inferior Oolite, 227, 229. 

Infusorial Earth, 38. 

Imceramus, 269 ; sulcatus, 270. 
Insectiwra, of the Eocene, 805; of the 
Miocene, 822. 

Insects, of the Devonian, 146; of the 
Carboniferous, 182; of the Jurassic, 
283 : of the Miocene, 811, 812. 

Irish Elk, 864, 855. 

Jsohadites, 99, 118. 

Isopod Crustaceans, 84. 

Jackson Beds, 289 

Jurassic period, 226; rocks of, 226-229; 
life of, z 29-266. 

Kaidacarpum, 230. 

Eainozoic period, 44, 284-287. 

Kangaroo, 848. 

Kellowyr Rock, 227. 

Kent’s Cavern, deposits in, 343. 

Keuper, 204, 206. 

Kimmeridge Clay, 227, 229. 

King-crabs, 84, 124, 126, 179. 

KonincHa, 218, 214. 

Kossen Beds, 206, 206. 

Xjoibyrinthodon Jcegeri, 217. 
Labyrinthodontia, 190 ; of the Carbon- 
iferous, 189-191; of the Permian, 200; 
of the Trias, 216-217. 

Lace-corals, 108, 126, 145, 183, 198, 210. 
LacertUia, 202; of the Permian, 201, 202; 
of the Trias, 217, 218 ; of the Jurassic, 
261 ; of the Cretaceous, 280. 

Lcclaps, 278. . 

Lamellibranchiata, of the Cambrian, 88 ; 
of the Lower Silurian, 110; of the 
Upper Silurian, 128 ; of the Devonian, 
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148; of the Curlioniferous, 186; of the 
Permiarij 198; of the Trias, 211; of the 
Jurassic, 234-236; of the Cretaceous, 
268-270; of the Eocene, 292. 

Lamna, 275, 312. 

Lamp-shells (see Brachio2mla). 
Land-tortoises, 313. 

Lauraeece, 308. 

Laurentian period, 65; rocks of, 65, 66 ; 
Lower Laurentian, 66 ; Upper Lau- 
rentian, 66 ; areas occupied iiy Lau- 
rentian rocks, 66; limestones of, 66, 
67 ; iron-ores of, 68 ; phospliate of lime 
of, 68; graphite of, 68 ; life of, 67-75. 
Leaf-beds of the [.sle of Mull, 306. 

Leda, 292 ; truncala, .338 
LeijummoaUes Marcouamis, 263. 
Lemming, 344. 345. 

Jjapadidm, 267. 

Lepadoonnm Gcbhardi, 106. 

Lepeirhtin, 1 US ; canadensis, 107. 
Lepldnster, 120. 

Lepidechmus, 178. 

Lepidesthes, 178 
Lepidodendroids, 166, 167, 2 7. 
Lepidodendnm, IIS, 130, 166, 196; Slern- 
berffi, 167. 

Lepidfiptera, 311. 

Lepidosiren, 153. 

Lepidosteus, 188. 

Lspidostrobus, 166. 

Lepidotusi, 275. 

Leptcena, 1"9, no, 125, 234; Liassica, 
235; seriem, 110. 

Leptoacelia, 127 ; plano-convexa, 127. 
Lias, 226, 227, 229. 

Liolias, 108. 

Lioruphycus Ottaieaensis, 97. 

Lignitic Formation of North America, 
288, 294. ’ 

Lily-encrinite, 209, 210. 

Lima, 235. 

Lime, phosphate of, 30, 31 
Lime-stone, 23-27 ; varieties of, 27-30 ; 
origin of, 21; microscopical structure 
of, 26; Crinoidal, 24; Foraniiniferal, 
24, 26; coralline, 24; niiigiiesian, 27 ; 
metamorphic, 27; oolitic, 28-30; piso- 
litie, 29; bituminous, 36; Laurentian 
67. 

Limnma, 294; pyrarnidalis, 294. 

Limulm. 84, 124, 125, 179. 

Lingula, 87, 88, 110, 127, 147, 198; Cred- 
neri, 198. 

Lingula Plag.s, 77, 78, 79, 88. 

Lingulella, 87, 88; Daaisii, 88; ferru- 
ginea, 88 

Linodendrun, 262, ; OS; MeeTn, 263 
Lithoslrotion, 173 ; irrenulare, 174 
Lituites, 130 
Lizards (see Lacertilia), 

Llama, 3.54. 

Llanberi.s Slates, 79. 

Llaadeiio rocks, 92, 94, 96 
I^l^^dovery rocks, 93; IjOwer, 93; Upper, 

Lobsters, 180, 219, 233, 267. 

Loess, 339. 

London Clay, 287, 2S8 
Longmynd rocks, 77-SO, S3 
Bamdaleia, 173. 

Bophiodon, 316. 

Lophophylium, 178. 


Lower Cambrian, 77-79 ; Chalk, 259 ; Cre- 
taceous, 257, 258 ; Devonian, 134 ; 
Eocene, 287, 288; Greensand, 257, 258; 
Helderberg, 117, 118; Laurentian rocks, 
66; Ludlow rock, 116; Miocene, 305; 
Old Red Sandstone, 134; Oolites, 227, 
229: Silurian period, 90-114; rocks of, 
in Britain, 92-94; in North America, 
04-96 : life of, 97-1 14, 

Loxonerna, 186, 199, 213, 

Ludlow rock.s, 116, 117. 

Lycopodkicece, 118, 136, 167. 

Lynton Group, 134. 

Lyrodesma, 111. 

Macaques, 823, 331. 

Maelimr acanthus major, 151, 165. 

Macliairndus, 221, 249, 822, 831, 360; 
cidiridens, 331 

Maclurea, 111; crenulala, 112. 

Macrochcilus, 186, 199, 213 

Macropidalichthys, 152; HuUimnti, 151. 

MaaroUierium gigante.um, 315. 

Macrurous Crustaceans, ISO. 

MacI.ra, 292. 

Maestrieht Chalk, 259, 279, 286. 

Magrie.siau Limestone, 27 ; nature and 
structure of, 28; of the Permian series. 
194, 196. 

Magnolia, 262. 200. 319. 

Mammalia, of the Trias, 223, 224; of the 
Jurassic, 2.53, 25 1; of the Eocene, 
299-305; of the Miocene, 313-323 ; of 
the Pliocene, 327-331; of the Post- 
Pliocene, 348-862. 

Mammoth, 339, 841, 844, 357-359. 

Man, remains of, in Post-Pliocene de- 
po.sits, 341, 344. 

Manatee, 299. 

Mantellia, 230; mcgalojdiylla, 230. 

Maple, 290, 3' 8, 310 

Marble. 28; enerinital, 24; statuary, 27. 

Marcellus Slmles, 135. 

Mariaenmis, 122. 

Marmots, 322. 

Marsupials, 299 ; of the Ti ias, 223 ; of the 
Jurassic. 253, 254 ; of tiie Eocene, 299; 
of the Miocene, 315; of the Post-Plio- 
cene, 348, 319. 

Marsupioerinus, 122, 

Marsupites, 266. 

Mastodon, 819, 321, 322; Amcricanus. 
angustMms, 322; Arvenemig, 329; 
longirostris, 322 ; OMotiaus, 357 ; Siva- 
lensis, 321. 

Medina Sandstone, 116. 

Megalichthys, 188. 

Megalodon, 148. 

Megalomns, 128. 

Megalonyx, 351. 

MegaJosaurus, 249, 278. 

Megatherium, 35U, 351 ; Cuvieri, 350. 

Melania, 294. 

Meloniles, 178. 

Menevian Group, 77-79. 

Menobranchm, 189. 

Meristella, 127; eylindrica, 127; inter- 
media, 127 ; 7iavi/ormis, 127. 

Mesopithecus, 323. 

Mesozoic Period, 44. 

Miehelima, 142. 

Mieraster, 266. 

Microlestes, 224; antiquus, 228. 
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Middle Devonian, 134 ; Eooono, !2S7, 288, 
28!) ; Oolites, 227 ; Silurian, 91. 

Miliolite Limestone, 200. 

Millepom, 2:i0. 

Millstone Grit, 150, Ifil, 

Miocene period, 305 ; nxtks of, in Britain, 
305, SOfl ; in Piiimo', ;iOtl; in Bulginm, 
307 : in Switiierlaml, 300; m Austria. 
307; in Germany, ;i07 ; in Italy, 307; in 
India, 307; in North America, 307: life 
of, 308-323. 

Mitre-shells, 271, 293. 

Mdra, 271, 293. 

Moas of New Zealand, 340-348. 
Modwlo'pmn, 111 : Solvonsis, 88. 

Molas.su, 300. 

Mole, 322, 336. 

Monkeys, 3ii.5, 381. 

Monoeotyledonoiis plants, 262. 
MonogmplAis, 100, 119 ; priodon, 119. 
Mmot.ia, 211. 

Monte Boloa, fishes of, 20,5. 

MontUmltia, 2(i9. 

Mosn.sauroids, 279, 280. 

Mosamxirus, 279; Cainperi,, 279; prm- 
ce^Ai, 279. 

Mountain LimoBtono, 158, 161. 

Mud-ilshes, 153, 215. 

Mud-turtles, 280. 

Mull, Miooene strata of, 806. 

Murohisoxiia, 111, 129, 199,213; gracilis, 

in. 

3fwe!B,,287, 293, 

Musoholkalk, 203, 204, 206. 

Musk-deer, 317. 

Musk-ox, 344, 345, 356. 

Muak-sheeip 350, 

Myliohatu EdxoardsU, 296, 

Mylodmi, 351 ; rohmhis, 352. 

^Tyophona, 211; limata, 211, 

Mjjnapoda of the Goal, ISl, 182. 

Nassa, 293, 

JHatatnrea, 297. 

Natica,, 271, 293. 

Nautilus, 112-lU, 130, 149, 18(1, 109, 237, 
272, 294 ; JDanims, 272 ; pompilius, 237. 
Neanderthal skull, 364. 

Neoconiian series, 267, 260. 

NaoVmulm, 125. 

Norinma, 237, 271 ; Ooodhallh, l'f7. 
Nnrita, 393. 

Nmroptara, 311. 

Nauroptens, 186, 165, 196. 

Newer I’lioeeuo, 823, 824. 

Now Red Sandstone, 193, 203 
Newts, 189, 200, 217. 

Niagara Limestone, 117, 

Nipaditns, 290 ; elliptious, 200. 

N ce.ggerathia, 197. 

Norwich Crag, 324. 

Nothosaunis, 219; xnirahilis, 219. 
Nctidamis, 241 
Nuxnenius gypsnnm, 2!)7. 

Numxmdma, 172, 290; Iceuigata, 290; 
pristina, 172. 

Nummulitlo Limestone, 24, 287, 291. , 

Onk, 262, 810. 

Obolella, 87 ; saglttalis, 88, 

Odd-toed Ungulates, 800, 816, 327, 853. 
Odontaspis, 275, 

Odontoptens, 165; Sohlotheimi, 164. 


Odontopteryx, 297 ; toliapmis, 297, 208. 

Odontornithes, 282. 

Ogygia, los ; Buakii, 107. 

Older Pliocene, 323, 824. 

Oldhamia, 81 ; antiqxia, 82 ; slates of 
Ireland. 79, SO. 

Old Red Samlstone, 133 ; origin of iianie, 
133; of Scotland, 134; relations of, to 
Devonian, 133, 134, 155. 

Olenus, 108 ; micrurus, 88. 

Oligoceue, 305. 

Oligopnrus, 178. 

01iv(!-shells, 293. 

Omphyma, 119. 

Onehus, 130 : tcmiistxHatus, 181. 

Oneidii Go ngioui crate, 116. 

Onyciwdus, 153 ; sigmmdcs, 151. 

Oolitic liinestone, structure of, 28 ; mode 
of formation of, 30. 

Oolitic rooks {see Jurassic). 

Ooze, Atlantic; 22, 33. 

Opkidia, 251 ; of the Eocene, 296. 

Ophmroidea, of the Lower Silurian, 105; 
of the Upper Silurian, 120; of the Car- 
honlferous, 177 ; of the Trias, 210 ; of 
the Jurassic, 28,3. 

Opos.3um, 200, 315. 

Orhitoides, 291. 

Oriskany Samlstone, 135. 

Onnoxylnn, 138. 

Oro/Uppus, 302. 

Orthis, 88, 109, 125, 147, 184, 190 ; Mft>ra‘a, 
100 ; Dauidsimi, 127 : clegantula, 127 ; 
Jlabelhilum, 109; Iliclmi, 38; lantiexi- 
laris, 88; pl cale-lla, 11') ; reMipinafn, 
185; sulmuidrata, 100; testudinaria, 

no. 

Orthoceras, 89, 112, 118, 180, 149, 186, 
218 ; crehrlsepium, 113. 

Orthonota, 111. 

Orthopte.ra, 182, 311. 

Osineroides, 276 ; MantelU, 276, 

Osmerus, 276. 

Osteolepu, 168. 

Ostraeode Crustaceans of the Camhrian, 
83; of the Lower Silurian, lOT ; of tiio 
Upper Silurian, 123 ; of the Devonian, 
145; of the Carlmniferim.s, 179 ; of the 
Permian, 197 ; of the Trias, 210 ; of the 
Jurassic, 233 ; of the Cretaceous, 267. 

Ostraa acuminata, 235 ; Cimloni, 269 ; 
deltoidea, 285 ; distorla, 235 ; expansa, 
gregarea, 235 ; Marshii, 236, 230. 

Otiidus, 293 ; obKqxius, 296. 

Olozamites, 280. 

Otnzimtn, 206. 

Oxidenodm, 220; Bainii, 221. 

Oxnims mmchalus, 356. 

Oxford Cloy, 227, 229. 

Oxijrhina, 312 ; xiphodon, 813. 

Oysters, 236, 236, 269. 


PacJiyphylhim, 178. 

Palcearea, 111. 

Palmaster, 120 ; Rathveni, 121. 
Palasterina, 120 ; prixnceua, 1 21. 
Palmchtnus, 120, 178 ; ellipticus, 177. 
Palmocaris, 180 ; typxis, 180. 
Palceocoma, 120; Uolvini, 121. 
PaloBooormie, 172. 

Palffiolitluc man, remains of, 363-3C5. 
Piilceamaxum, 118. 

Palmoniscus, 188, 200, 
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Palceontina Oolitica, 233. 

Paleontological evidunce as to Evolution, 
60j 372-374. 

Pa-lffiontological record, imperfection of 
the, 60, 51. 

Paleontology, definition of, 10. 
Palceonj/ctiH, 304. 

Pt^^ophis, 296 ; toliapicus, 296 ; typhoeus, 
Palceoreas, 318. 

Pcd^saurus, 200, 218, 219 ; platyodon, 

Palcensiren Beinerti, 200. 

Palceotherium, 300 ; magnum, 301 
Palceoxylon, 170. 

Palffiozoit! period, 44, 

Palms, 230, 263, 290, 308, 309 
Paludina, 257, 294. 

Pandanece, 230. 

Pandanus, 262. 

Paradoxides, 86, 87, 108 ; Bohemicus, 85 
Parasnnlia, 266. 

Parkeria, 26‘4. 

Pear Enerinite, 231. 

Pearly Nautilus, 58, 111, 112, 237 
Peccaries, 317. 

Pecopteris, 136, 165, 196. 

^r^nlajidicus. 338 ; Islandicus, 
338 ; Valonmiais, 211, 212 204 
Penarth Beds, 204. 

Pennatulidce, 292. 

Pentaerinus, 231 ; caput-medmoe, 231 • 
fasciculosits, 232. ’ 

Pe^am^nis, 125, 126; galeatus, 126; 

Rnightii, 12S > '’> 

PentremUes (see Blastoidea). 

conoideus, 176; pifTiformis, 

Perching Birds, 297. 

Percidce, 276. 

Perieehocrinus, 122. 

Perissodactyle Ungulates, 300, 315, 327 
Permian period, 192-202; rooks of, 'in 
Britain, 194; in North America, 194- 
life of, 195-302. ' ' 

Persistent tjiies of life, 58. 371. 

Petalodus, 188 
Petraster, 120. 

Petroleum, origin of, 36. 

Pezopliaps, 348. 

’ ^O'^ningiai, 1 24 ; 
granulatus, 144 ; loevis, 144 • latifrons 
1^ 145; lo^igicaudatus, 12i; rZTm' 
Phcenopora ens{formis, 126 
Phalangers, 348. 

Phanerogams, 164. 

Phaneropleuron, 153. 

Phascotdtherium, 253, 2S4. 

Pheronema, 264. 

PhiMipsc^rcBa, 142. 

179 ; seminifera, 180 
Pholadomya, 235. 

Phormosoina, 178. 

Phorus, 271. 

Pfewphate of lime, concretions of 30 ■ 
di^mmated in rocks, 30 ; origin of si’ 
Phyllmaptus, 102; typjtsjm? 
Pnyllapoda, of the Cambrian, 83 • of the 

nai^ 1^, of the Devonian, 145- of the 


Phyllopora, 210. 

Physa, 294 ; columnaris, 294 
Pigs, 302, 317, 329, 854, 

Pilton Group, 1S6. 

Pinites, 170. 

Pisces (see Pishes). 

Pisolite, 29. 

Rsolitic Limestone of Prance, 259, 286 
Placodus, 220 ; gigas, 220. 

Upper Silurian. 
130, 131 ; of the Devonian, 163-155 • of 
the Carboniferous, 188 ; of the Permian 
109 ; of the Trias, 214 ; of the Jurassic’ 
241 ; of the Cretaceous, 275 ; of tiie 
Eocene, 295 ; of the Miocene, 312 
Plagiaulax, 254. 

Planoht.es, 122 ; vulgaris, 123. 

Planorbis, 294, 

Plants, of the Cambrian, 80, 81 ; of the 
Lower Silurian, 97, 98 ; of the Upper 
Silurian, 118; of the Devonian, 136-139 • 
of the Carboniferous, 163-170; of the 
Penuian, 196 ; of the Trias, 207, 208 ■ 
of the Jurassic, 229, 280; of the Ore- 
onn®““?h.^®U268 : of the Eocene, 289. 
290 ; of the Miocene, 808-311. 
Plasnwpora, 119. 

P^tanus, 262, 308 ; aceroides, 309. 
Platepheniera antiqua, 145. 

Platyceras, 128, 148; dumosum, 148: 

multispiuatum, 129; veiitricosum, 129. 
PlMycrmus, 122, 176; triooniadaatylus, 

Platyostoma, 129 ; Magarense, 129. 
Hatyrhine Monkeys, 362. 

Plaiysehisma helioUes, 129, 

Platysomus, 200 ; gibbosus, 199, 
Platystoma, 213. 

Pleistocene period, 384 ; climate of, 362 

Pleurocystites squamosits, 106. 

Pleurotoma, 293. 

Pliocene period. 323; rocks of, in Britain, 
?®^Sium, 325; in Italy, 326 
in North America, 326 ; life of, 326-331. 
Phopithecm, 822 ; antiquus, 323 
Phosaurus, 245. 

Podocarya, 230. 

Po^zamites, 208 ; lanaeolatus, 209. 
Polir-schiefer, 83. ’ 

Polycystina, 32 ; of Barbadoes-earth, S3 
Polypora, 145, 184 ; dendroides, 183 
Polypterus, 153, 188. 

Polystomella, 811. 

PolytrewMcis, 266. 

Polyzoa, of the Cambrian, 81, 89 ; of the 
^-wer Silurian, 108; of the Upper 
Uie Devonian, 145, 
Carboniferous, 188. 184- 
Of Uie Tria^, 210 
^ the Cretaceous, 267; of the Miocene. 

Populus, 262 . 

PorceUia, 186. 

Porcupines, 822. 

Portage Group, 135. 

Uo;^Jackson Shark, 164, 188, 242 
Portlaad beds, 227, 229. 

Post-Glftcial deposits, 336, ssa. 
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Post-Phoeone period, S34. 
post-Tertiary iienod, 286. 

poteriocrinuN, 175. 

Potsdam Sandstone, 79. 
pre.-Glamal deposits, .S30. 
prastwichia, 179 ; rotundata, 179. 
primitia, 107; straimilata, 107. 
Primordial Trilobites, 85. 

Prinaordial zone, 79. 

prohosoidaa, of the Miooeno, .819, 322; of 
the Pliocene, 329, 880; of the Post- 
Plioeene, .367-359. 

producta, 14,7^ 184, 198; Jiorrida, 198; 

longispina, I86; semiratioulata, 185. 
productella,, 147, i84. 

Productidai, 147 ’ 21 I 
Proatus, 123, ’ 

Prong-bucik, 31S. 

Protaster, 120 ; SedqwicJcii, 121. 
Proteaoece, 262, 308j 309. 

Proteus, 189. 

Protichniles, 87. 

ProtocysHtes, 82. 

Protomis Glarisiensis, 297. 
protorosaurtts, 201, 202 ; Speneri, 201, 
Protospongia, 81 ; fenestrata, 88. 
Prototaxites, 118, 138; Logani, 139. 
Psainmobia, 2Si2. 

Psamnoduh-, iss. 

Pmronius, ise, 164. 

Psetidocrin'us Ufasoiatus, 106. 
Psilo^hyton, 118, 137, 138 ; princepis, 138. 
Pteranodon, 247, 277 ; long'icoiis, 277. 
Pteraspis, ISO, 152; Banksii, 130. 
PUriohtJiys, 162 ; curnutus. 153. ■ 
Ptenncea, 128; mhfalcata, 128. 
Pterooeras, 237, 271. 

Pterodaotphis, 245, 277; crassirnstris, 246, 
Pterophyllum, 208, 230; Jatgeri, 200. 
Pteropoda, of the Oanibrian, S8 ; of llio 
Lower Silurian, 111; of the Upper 
Silurian, 129; of the Devonian, 148; 
of the Carboniferous, 186; of tlio Per- 
mian, 19.9 ; of the Jurassiic, 287. 
Pterosaurici, 245; oftlie Jura.ssic, 245-248; 

of the Cretaceous, 277. 

Pterygotus Anglious, 124, 12.5, 
Ptilodiotya, 108, 125 ; acwfa, 109 ; /afei- 
formis, 109; mripora, 126; Sohafferi, 
109. 

Ptyohoceras, 273 ; Emerioianurn, 274. 
Ptyohodus, 275. 

Pupa vetusta, 186. 

Purbeck Beds, 228 ; Mammals of, 254. 
Purpuroidea, 237. 

Pyenodus, 276. 

Pyrula, 293. 

Qtcadrumana, of the Eocene, 306 ; of the 
Miocene, 322,328; of the Pliocene, 831 ; 
of the Post-Pliocene, 301. 

Quadrupeds (ace Mammalia). 

Quaternary period, 334. 

Quebee Group, 96, 96, 101. 

Qtierous, 262. 

Babbits, 322. 
liana, 313. 

Maptores, 297. 

Jiasores, 297. 

Kecent period, 286, 334. 

Peceptactilites, 99. 


Bed days, origin of, 36. 

Bod Coral, 311. 

Bed Crag, 324.. 

Bed Deer, 33(3, 354. 

Reindeer’, 344, 34.5, 354, 855. 

Jtemopleurides, 188. 

Beirtiles, 200; of the Poniiian, 200-202; 
of the Trias, 217-221; of the Jurassic, 
242-2.51 ; of the Cretaceous, 276-281 ; of 
the Boeeno, 296, 297. 

Retepora, 108, 126, 146, 184, 198, 210; 
Ehrenbergi, 108 ; PhilUpsi, 146. 

lietiolites, 119. 

Retzia, 127. 

Bhsetic Beds, 204-206. 

Jihampliorhynoltus, 247 ; Bucldandi, 248, 

Rhinooeridee, 315. 

Rhinoceros Etruscus, 827, 328, 38(), 358 ; 
leptorliinus, 328; megarhinm, 827-329, 
836, 363; ticharldnus, 863, 854. 

Rhinapora verrucosa, 126. r. 

Rhizodus, 188. 

Rhombus niinimus, 295. 

Bhyncholites, 289. 

Rhynchonella, 110, 127, 147, 184, 234, 268, 
292 ; euneata, 127 ; ncglecta, 127 ; pleu- 
rodnn, 185 ; varians, 285. 

Rhynelwsaurus, 218; arliceps, 218. 

Bice-shells, 293. 

Biohmond Barth, 88, 307. 

Binged Worms (see Annelida). 

Kiver-gravels, high-level and low-level, 
840, 341. 

Robulinu, 311. 

Bo(‘,ks, dellnition of, 14 ; divisions of, 
14, 15; igneous, 14; atnuuuis, 16-18; 
mechanically-formed, 18-20 ; (’.lieinicnlly- 
formed, 20; orgniilcnlly-foniieil, 20-37; 
arenaceous, 20 ; argillaceous, 20 ; eal- 
caraous, 20-32; 8i]ieeon.s, 20, 82-84. 

Rodentia, of the Eocene, 306 ; of the 
Miocene, ,322 ; of the Post-Pliocene, 301. 

Boobuck, 33(1, 364. 

Rostctlaria, 287, 293. 

Rotalia, 22, 98, 171, 264 ; Boucana, 264. 

Bugose Corals, 104; of the Lower Silurian, 
104, 105 ; of the Ui)])er Bihirian,. Ill); 
of tbo Devonian, 141 ; of the Gni'bon- 
iforous, 172-174; of the Permian, 197; 
of the Upper Greensand, 200. 

Bupelian Clay, 307. 

Sabal major, 300. 

Sabre-toothed Tiger, 322, 881. 

Saccammina, 172. 

Saaoosoma, 232, 

Salamanders, 189, 313. 

Saliua Group, 117. 

Salix, 262; Meeki, 263. 

Salmonidn;, 276. 

Sao hirsuta, 86. 

Sassafras cretacea, 268. 

Sauropterygia.Wt. 

Saalaria, 271, 293 ; (framlandw.a, 838. 

Scaphites, 272, 278; aiqualis, 274. 

Schizodus, 198, 211. 

Schoharie Grit, 186, 137. 

Soolecoderma, 82. 

Sooliostoma, 213. 

ScoLithus, 82 ; Canadensis, 88. 

Scorpions of the Coal-monsurea, 181. 

Scorpion-shells, 271. 
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Serew-pines, 230. 

Seutella, 311; mbrotunda, 312. 

Sea-eows (see Sireaia). 

Sea-lilie.s (see Cri loidea). 

Sea-lizards [sce ijiialio.sauriaiis). 

Seals, 322. 

Sea-mats and Sea-mosses (see Polyzoa). 
Sea-shrubs (see Gorgonidai). 

Sea-urchins (see Echi' oidea). 

Sea-weeds, 8J, 81, S3, 97, 136, 164, 261. 
Secondary period. 44 
Sedimentary rocks, 15. 

Semnopit/iecus, 322, 331. 

Septaria, 31. 

Seqiwla, 306, 309, 310; Couttsice, 309; 

gigantea, 309 ; Langsdorffii, 809. 
Serolis, 84. 

Serpents (see Ophidia). 

Serpulites, 123. 

Sewalik Hills (see Siwiilik Hills). 

Sheep, 355. 

Shell-sands, 19. 

Sig'dlaria, 168, 169 ; Gj-aiserl, IGS. 
Sigillarioids, 136, 168, 170, 196. 

Silicates, iuiiltratiou of ihe shells of Por- 
aminifera by, 34, 74, 

Siliceous rocks, 20, 32 
Siliceous Sponges, 265. 

Silieifleation, 13, 14. 

Silurian period (see Lower Silurian and 
Upper Silurian), 90-114 1 ■ 5-132. 
Simvsaurus, 219; GalllarchiH, 219. 
Sqjhonla, 264 ; Jicus, 2(ii. 
Siphonostomatdus Uniialves, 237, 271, 293. 
Siphmmtreta, 110. 

Sirenia, 290, 820 ; of the Eocene, 290 ; of 
the Miocene, 315. 
jSiren lacertina, 200. 

Sivatkerinm, 31S; gignnfeum, 319. 

Siwdllk Hills, Miocene strata of, 307. 
Skiddaw Slates, 101, 

Sloths, 315, 349-351. 

Smilax, 308. 

Smithia, 173. 

Snakes (sec Ophidia). 

Soft Tortoises, 296. 

Snlanurn, 271. 

Solenhofen Slates, 228. 

Solitaire, 346, 34S. 

SpalaooUierriim, 254. 

Spatangiis, 31 1. 

Sphxrospongia, 139. 

Sphagodus, 136. 

Sphenodm, 218, 

Rpnenopteris, 136, 165, 196. 

Spiders of the CoaI-niea.sures, ISl. 
Spider-shells, 237. 

Spindle-shells, 237. 

Spirjfera 147, 1S4, 19S, 234; crtoa. 
I2i : dmjuneta, 147; hysterica, 126: 
yiuaronata, 147 ; A'iagareiisis, 127; ns- 
imfa,235; scuiptilis,14T ; (rignnalisAsd. 
Spinjeridm, 147. 

Spiraphyton cauda-GalK, 135, 164. 
^nmriis, 123, 143, 17S : Arkonemis, 144 - 
Cxrbonanm, 17S; lamm, XU; LewisiL 
■■ M4. 

Spandylm, 2k) ; spinosm, 270. 

of the Umbrian, SI ; of the 
Lower Silarian, ; of the Upper Silu- 
nan, 119 ; of the Devonian, 139 ; of the 


Carboniferous, 171; of the Permian, 
i?!’ 209; of the Jurim.si(i, 

230 ; of the Cretaceous, 264, 265 
Spongilla, 197. 

Spoivjillopsis, 197. 

Simvjophyllum, 173. 

Spore-cases, of Cryptogams in the Ludlow 
rooks, 118 ; in the Coal, 168 
Squirrels, 322. 

Stagonolejm, 218. 

Staircase-sliells, 271. 

Stalactite, 21. 

Stalagmite, 21. 

Star- corals, 231. 

: Star-llshes, lii5, 120, 210. 

St Cassian Beds, 205, 206". 

Stephanophylha, 266. 

Steraognathus, 253, 254. 

Stigniaria, 169 ; Jicoides, 169. 

Stonosfield Slate, 227 ; Mammals of, 253. 
Strata, eontemixiraneil.y of, 44 
Stratillod roiiks, 15-18. 

Streptelasma, 105. 

Streptorhynehus, 198. 

StromaUipora, 98, 99, 118, 139 ; nw sa f'D ; 

tuberculata, 140. ’ 

Stromhodcs, 119; pentagonus, 104. 
Stromhus, 271. 

Strophalosia, 108 
Strojihtnhm, 255. 

Strophomena, 109, no, 125, 147 184 ; 
allernata, 110 ; deltoidea, 109 ; fditaxta, 
110 : rhomboidalis, 147, 148 ; subplana, 

Sub-Apennine Beds, 325. 

Sub-Carboniferous rocks, 158, 161. 

Succession of life upon the globe, 867-37-4. 
Suida, 302, 817, 329. 

Sulphate of lime, 22. 

Sxus Erymanthlus, 317 ; scrofa, 354 
Synastnea, 209. 

Syiihelia Sharpeana, 266. 

Synrjcladia, 198; virgulacea,li)&. 
Synngopora, 119, 173; rwmulosa, 174. 

Tabulate Corals, 104; of the Lower Siln- 
rian 105; of tlie Upper Silurian, llS); 
of the Devonian, 142; of the Carbon - 
lierous, 172; of the Permian, 197. 

Talpa Europcea, 386. 

Tapirida;, 300. 

Tapirs, 300. 

Tapirus Arveniemis, 327. 

Taxocrinus IvAereulat.us 122 
Taxodium, 262, 308, 310. 

Teleosaurus, 251. 

Teleostean Fishes, 150; of the Cretaceous, 

Telerpeton Elginense, 218. 

TelUna proxima, 338 
Tentaculites, 129, 148 ; omatus, 129, 

Terebra, 293. 

Terehratella, 268 ; Astierimia, 268. 
Terebratula, 184, 234 ; digona, 235 ; ehm- 
gata, 168; Mstaia, 185; gtiadrijida, 

235 ; spharoidalis, 236. 

Terebratulina, 268 ; eaput-serpentis, 268 : 

striata, 268. > • 

Termites, 311. 

Terrapins, 280, 296. 

Te^ary period, 44, 284-287. 

Tertiary rooke, daseiUcation of, 284-287, 
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Testiidinidce, 313. 

Tetrabranchiate Ceiihalopods, 112; of the 
Cambrian, 8!); of tlie Lower Siliirum, 
112-114; of the Upper Silurian, 1!J0; of 
the Dev'oninn, 14!) ; of the Carlioiiileriiiis, 
18(3, 187 ; of the Permian, 19!); of the 
Trias, 212; of the Jurassic, 237-239; of 
the Cretaceous, 272-274 ; of the Eoeeno, 
294; of the Miocene, 812 
Texlulana, 22, 2B4, 311 ; JIfei/m'am, 311. 
Thanet Samis, 287, 288. 

Theca, 88, ill, 129. 

Theca Davidii, 88. 

Thecidiurn, 213. 

Thecodont Reptiles, 218. 
Theoodoatosaiirus, 200, 218; antiquun, 219. 
Theconmiha anmdans, 231. 

Thelodu.s, 131. 

Theriodont Reritiles, 202, 220. 

Thylaccleo , 340. 

Tile-stones, 11(3, 

Tilanctherium, 316. 

Toothed Birds, 281-283. 

Tortoises, 202, 296. 

Tragoceratt, 318. 

Travertine, 21. 

Tree-Ferns, of the Devonian, 136; of the 
Coal-moasure.s, 104. 

Treinadoc Slates, 77-79. 

TrematiH, 110. 

Trenton Limestone, 95, 90. 

Tnanthrus Beclni, 107. 

Triassie i)eri()d, 203 ; rocks of, in Britain, 
204; in Gei inany, 204 ; in the Austrian 
Alps, 2(15; in North America, 205; life 
of, 20(1-224 
T)'iao7wd()7i, 2.54. 

Trigonia, 235, 255, 269. 

Tngmdadw, 198, 211. 

Trigmwearpum. 170 ; ovatum, 170. 
Triloldtos, 84-87; of the Cnmhrian, 86, 87; 
of the Lower Silurian. 107, 108; of the 
Upper Silurian, 123, 124, of the De- 
vonian, 144, 145 ; of the Oarboniterous, 
179. 

TrimerelHdai, 127. 

Trinucle^ts, los ; concenirious, 107. 
Trmigculce, 290. 

Triton, 293 
Trochoagathus, 200. 

Troelnmeina, 129. 

Trogtmtherium, 361 ; Cuvleri, 336, 861. 
Trunipe.t-,shell.s, 293. 

Tulip-tree, 262, 308. 

Turbinolia sulcata, 292. 

Turbmolidce, 292. 

Turrilitas, 272, 273 : eateimlahis, 274. 
TurrUella, 271, 293 
Turtles, 202, 251, 280, 290. 

TypMs tuhifer, 293. 

Ullmania selagitioMes, 197. 
UnconformaLility of strata, 48. 

Under-clay of coal, 102. 

Ungulata, of the Eocene., 300-303 ; of tlie 
Miocene, 815-819; of tlie Pliocene, 327- 
329 ; of the Po.st-Plioeone, 853-857. 
Uniformity, doctrine of, 5-7. 

Vnio, 260. 


Univalves {see Ga.steri!poda). 

Upper Camhrian, 77 -79; Chalk, 259; 
Cretaceous, 257, 260; Dcvoiiiau, 135; 
Bocemi, 287, 288; Qreciisiuid, 268; 
Hehlerhorg, 136 ; Laurontian, 66 ; Llan- 
dovery, 116; Imillmv rock, 110; Mio- 
eono, 305 ; Colitcs, 227 : Silurian period, 
116; rocks of, in Britain, 116, 110; iu 
North America, llO-iis ; life of, 118-131. 
Ursus (ircios, 369; ri rucrnoi.vis, 33 ) ; fe- 
rox, 35!) ; spe.lwa, 300, 

UruH, 330, 360. 


Valley-Rravehs, high-level and low-level, 
339-841. 

Vanma Pluto, 312, 

Famtithc, 202. 

Vegetation {see Plants). 

VentriGulUes, 2(14, 266 ; simplex, 2(15. 
Venus’s Flower-basket, 2(56, 

Vomiilia, 107. 

Vesper/ilui Parts-iensis, 304, 806. 
Vickshiu'g Beds, 28!), 

Vines, 30(1, 30!), 310. 

Vitreous Spongnm, 26-4. 

VoUzia, 208 ; helcrophylla, 209. 

Voluta, 271, 293 ; eUrnmia, 271. 

Volutc,s, 271, 293, 312. 

IFftfc/u'rt, lull, 197 ; piniformis, 196. 
Walrus, 322. 

Weahlen Beds, 257. 

Wellingfoutn, 3(i'.), 310, 

Weiihmk Beds, 115, 117; Lfmestono, 116; 

Shale, 116, ' 

Weutle-traps, 271. 

Wnrfen Beds, 205, Ttl 
Whalebone Wlialcm, 29)), 316 
Whales, 299, 316. 

Wliolka, 287. 

Wldto Chalk, 269 ; structure of, 21, 22 { 
origin of, 23, 268, ’ ’ 

White Crag, 324. 

White River Beds, 807, 

Wild Boei’, 364. 

Wiltiarimmia, 230, 

Winged Lhards (see Ptorosanria). 

Winged ,SiuiilH {see Pteropodn), 
Wing-shells, 271. 

Wolf, 830, «t!0. 

Wolverine, 360, 

Womhats, 848. 

WooUiopo LtmoHtouo, 115. 

Woolly Hhinocoros, 839, 341, 844, 363. 
Woolwich anil Reading Beds, 287. 
Worm-lnirrowH, 82, 88, 123. 

Xanthklia, 138, 161. 

Xenonmra antiqwmimi, 146. 

Xiphiidon, 803. 

Xylobius, 182 ; SigUlariaf, 182. 

Zamia spiralis, 208, 

Zainites, 208, 2,30, 310. 

Zaphrmtis, 106, itfi, 149, 173 ; eommila, 
141; Plokssi, 104; mnnierdaris, 174. 
memnmis, 176, 
itcclistetn, 1 94, 

Z&uglodon, 290, 816 ; oeloMes, 209, 300. 



